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^© A compound of the formula : 
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in which R 1 is carboxy or protected carboxy 
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R2 is hydroxy(lower)alkyl or protected hydroxyflow r)alkyl, 

R3 is hydrogen or lower alkyl. 

R 4 is protected or unprotected ureido<lower)alkyl, 

R 5 is hydrog n, tower alkanimidoyl or imino-protective group, and 

and pha^^ salts thereof, processes or their preparation and pharmaceutical composi- 

tions comprising them. The invention also relates to intermediate compounds of the formula 

A-O-R 4 
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^PVRRQLIDI NYLTHIO-1-AZABICYCLOf3.2.01HePT .2.ENE-2.CARBOXYUC AOD COMPOUNDS ANO PRO: 
CESSES FOR THE PREPARATION THEREOF 

The present invention relates to novel a-pyrro.idiny.thio-l-azabicyc.oO.a.Olhept-a-ene-a-cartxjxylic acid 

com^7nds^d phLaceutically acceptable salts thereof, which have antimicrobial** v.ty. = 
s prepa^atioS thereof, to a pharmaceutica. composition comprising the same and to a use of the same 

as a medicament and in treatment of infectious diseases in human being or animal. fl , ahirvelo . 
aTS dfnalv one object of the present invention is to provide novel S-pyrrol.d.nylth.o-l-azabicycIo- 

13 2 SSSS2i^2Sc «i compounds and pharmaceutical* acceptable salts thereof, wh.ch are 

hirfhractnSnsTa number of pathogenic micro-organisms and are useful as am.rn.crob.al agents. 
,o ^SSTSySVprJii --ention is to provide processes for the preparation of novel 3- 

nvrrSSrwl hio- -azabicyclotL.Olhept-Z-ene-a-carboxylic acid compounds and salts thereof. 

PY A ^ r rt Ctbi"tTtCp^sen» Mention is to provide a pharmaceutica, composition com P n S .n g as an 

active Sedienfsaid 3-pyrrolidin y .thio-l-azabicyc.o(3. 2 .0]hept- 2 -ene- 2 -carboxy.,c ac.d compounds and 

Pha *n^^^^ to provide a use of said 3.p y rro.idiny 1 ,hio- 1 .a 2 abicydc- 

(3 20 acid compounds and pharmaceutical I y acceptable salts «~^J"Z£» 
ment and in the treatment of infectious diseases by pathogenic microorgamsms .n human being m» an.mal 
With regard to the status of the art of the present invention, for example, the fo.low.ng compound is 



20 



25 



30 



known. 

HO 



H H 




/ 1^ NHCONH. 

\ NH 



COOH 
(EP-A-0 182 2L3) 



However antimicrobial spectra of such known compound is restr.ct.ve and espeaaHy an *' m ' c ^ 
activity thereof against Gram-negative bacteria such « P, aeruginosa is not so potent Further, the stabH.ty 
aaainst Dehydropeptidase and urinary excretion of such compound Is Insufficient. 

9 SdeTsuch S situation, antimicrobial agents having broad antimicrobial spectra, especially **"fl£»* 
35 antimic^oia. activities against Gram-negative bacteria as we., as having stab.lity aga.nst Dehydropepfdase 

^^Sr^TJt'lSr,^ -entors o, the present .nvention have succeeded in 

40 novel and can be represented by the following general formula : 



45 



SO 




(I) 



in which FT is carboxy or protected carboxy. 

R2 is hydroxy (lower)alkyl or protected hydroxy(lower)alkyl. 

R3 is hydrogen or lower alkyl. 
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R 4 is protected or unprotected ureido(lower)alkyl. 

R* is hydrogen, lower alkanimidoyl oriminoprotective group, and 

A is lower alkylene. 

and pharmaceutical^ acceptable salts thereof. „«„h 
In the object compounds (I) and the intermediary compounds mentioned below, .t is to be understock 
that there may be one or more stereo-isomeric pair(s) such as optical isomers due to asymmetnc carbon 
atom(s). and such isomers are also included within the scope of the present mvennon. 

Suitable pharmaceutical acceptable salts of the object compounds (I) are conventional non- toxic salte 
and may include a salt with a base such as an inorganic base salt, for example, an alkali meta salt (e.g. 
sodium salt, potassium salt. etc.). an alkaline earth metal salt (e.g. calcium salt. magnesium salt eteO an 
ammonium salt, an organic base salt, for example, an organic amine salt (e.g. tnethy.am.ne salt, pyndine 
salt, picoline salt, ethanolamine salt, triethanolamine salt, dicyclohexylam.ne salt N N I <l,ben , . 
zylethy.enediamine salt, dibenzy.amine salt, etc.): a sa.t with an acid such as an "^^fS^f 
?.g. hydrochloride, hydrobromide. sulfate, phosphate, etc.). an organ.c acid addition salt (e.g J orm * e ; 
acetate trif.uoroacetate. ma.eate. tartrate, methanesu.fonate. benzenesulfonate. ^ nes f onaie '^.^ 
with a basic or acidic amino acid (e.g. arginine. aspartic acid, glutamic acid, etc.); an mtermolecular 

quaternary salt, and the like. 

According to the present invention, the object compounds (I) and pharmaceutical^ acceptable salts 
thereof can be prepared by the processes as illustrated by the following reaction schemes. 



25 



30 



Process 1 



35 R 3 



40 



0 



R 1 




(II) (I) 

45 or a reactive derivative or salts thereof 

at the oxo group thereof 
or salts thereof 

so 



ss 
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Process 2 



Elimination 



3 ^ reaction of the R 3 A-O 

R 2 A-O-R carboxy-protective R 2 j / 

X&<ls — -J^> S <X 

° 1 R COOH 

R a 

(I-a) (I-b) 
or salts thereof or salts thereof 

Process 3 : 

Elimination 

-s jv n reaction of the 3 

3 a-o-k lmino . prot ective . ~ R A-0 

/) « rou P of R a 




R 1 R a R l 



\ NH 



(I-c) d-d) 
or salts thereof or salts thereof 



Process 4 



Elimination 



. + reaction of 

R A-O-R the hydroxy- 2 R 3 A- 

R R 1 

(I-e) < Z ~ f) 
or salts thereof or salts thereof 
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Process 5 



10 




Lower 3 4 

Alkan- R 2 R A-O-R 

imldoylating 
Agent 



(i-g) 

or salts thereof or salts hereof 

T5 

in which R\ R 2 , R 3 . R 4 . R 5 and A are each as defined above. 
R a is protected carboxy. 
R I is protected hydroxy(lower)alkyt, 
R 1 is hydroxy(lower)alkyl, 
20 r| is Imino-protective group, and 

R * is lower alkanimidoyl. 

The compound (III) used in the Process 1 is new and can be prepared, for example, by the following 
methods or a conventional manner. 
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Method A : 



4 A-O-R 4 



A-O-R 

HO 

R D or salts thereof R 



V_A R 6 -SH (V) V.N 



—on \ * / \^ 



(IV) 



(IH-a) 



or a reactive derivative or sa lts thereof 

at the hydroxy group 
thereof or salts thereof 

Method B : 



Elimination reaction 

4 4 

A-O-R Qf the mercapto- ^~ 0 " R 

6 _ J T L 1 protective group H S-<1 

V_N " 

(Ill-a) < III} 

or salts thereof or salts thereof 
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in which R< R 5 and A are ach as d fin d above, and R 6 is mercaptc~pr tectiv gr up. 

In the abov and subsequent descriptions of the present specification, suitable exampl s and illustra- 
tions of the various d finitions which the present invention includes within th scope thereof are explained <n 

detail as follows. ^ . , . , . 

The term "lower" is intended to mean 1 to 6 carbon atoms, unless otherwise md.cated. 

Suitable "protected carboxy" may include esterified carboxy wherein "esterified carboxy can be 
referred to the ones as mentioned below. 

Sab.e examples of the ester moiety of an esterified carboxy may be the ones such as lower alky, 
ester (e.g. methyl ester, ethyl ester, propy. ester, isopropy. ester, butyl ester .sobuty. ester, t-buyl ester 
oentvl ester hexyl ester, etc.) which may have at least one suitable subst.tuent(s). for example lower 
aTka7oyt O xy(iowe0a.M ester (e.g. acetoxymethy. ester, propiony.oxymethy. ester, butyryloxymethy. ester. 
vSxymemyl ester, piva.oy.oxymethy. ester, hexanoy.oxymethy. ester. 1-(or 2-)acetoxyethy. ester. 1-<or 
S^ Soxypropy. ester. Hor 2-or 3-or 4-) acetoxybuty. ester. 1-<or 2-,propion y .ox y eth y . ester. l-(or 2-or 
lZrlS°Z7opy\ ester. Hor 2-)butyry.oxyethy. ester. 1-(or 2-)isobutyr y .oxyeth y . ester 1-<or 2- 

2-)hexano y .oxyethy. ester, isobutyry.oxymethy. ester. 2-ethy.butyry.oxymethy. 
ester V aSth^butyryloxymethy! ester. i-(or 2-) P entano y lox y ethy. ester, etc.]. lower a.kanesu.fonyl- 
; o we0a.kyTes^r y (e.g 2-mesy.ethy. ester, etc.). mono(or di or tri)ha.o(lower)a.ky. ester (e.g. 2-,odoe hy. 
ester 2 2 2-trichloroethyl ester, etc.). lower alkoxycarbony.oxy(.owor)alkyl ester (e.g. methoxycarbony ox- 
ymethyl ester, ethoxycarbony.oxymethy. ester, propoxycarbonyloxymethy. ester. t-buto X ycarbony.oxymethy. 
ester 2-methoxycarbonyloxyethyl ester. 1 -ethoxycarbonyloxyethyl ester. 1 -isopropoxycarbonyloxyethyl es- 
?er etc) phmal!d y .idene(.ower,a.k y . ester, or (S-.ower a.ky..2-oxo-i.3-dioxo.-4-yl)(.ower)a.kyl ester [e.g. (5- 
methyl-2^xo-l.3-<Jioxol-4- y i)methyl ester. (S-ethyl-2-oxo-1.3-dioxoM- y i)meth y l ester. (5-propy i I-2k>xo-1.3- 
S^XThyl ester. etcO; lower a.kenyl ester (e.g. viny. ester, a.lyl ester, etc.): lower a.kyny. ester (e.g. 

ester Vn.trobenzyl ester, phenethyl ester, trltyl ester, benzhydry. ester. bis(methoxypheny.)methyl ester 
r^SmemoX^y' ester 4.hydroxy.3.S.dM.buty.ben2yl ester, etc.); ary. ester which may have at leas 
on?sSrsubstLent(s) (e.g phenyl ester. 4-ch.oropheny. ester, to.y. ester, t-buty.pheny. ester, xy.y. 
ester mesltyl ester, cumenyl ester, etc.): phthalidyl ester: and the like. 

Mo^rp!efe?ab.e example of the protected carboxy thus defined may be phenyKC-Oalkoxycarbonyl 
which may have a nltro group and (CrWalkenyloxycarbonyl. and the most preferable one may be 4- 
nltrobenzyloxycarbonyl and ali y iox y carbonyl. 

Suitable -hydroxy(lower)alky|- may Include straight or branched lower alkyl having hydroxy group such 
as hydroxymethyl. hydroxyrethyl. hydroxypropyl. Hhydroxymethyl)ethyl. l-hydroxyO-methylethyl hydrox- 
ybutyl, hydroxypentyl. hydroxyhexyl. and the like. In which more preferable example may be hydroxy(C- 
Cilalkvl and the most preferable one may be 1-hydroxyethyl. .... ... 

StSe -protected hydroxy (lower)alky I " means aforementioned hydroxy(.ower»alkyl. In wh.ch he 
hydroxy group Is protected by a conventional hydroxy-protective group such as those n . he 

elptTStton J nm.«o-protect.ve group as mentioned below: and further ar(.ower)a.ky. such as mono-or dl-or 

rSESTStt^ *«"«* isopropy.d.methy,si.yl. t-buty, 

d'iso P S,y.meth y .si.yl. etc ). tnary.s.ly. (e.g. tripheny.sl.yl. etc.). »nar(.ower)a.ky.s,.y. (e.g. tnben- 

nitropheny.)(C,-C < )alkox y }carbony.oxy(C,-C < )a.ky.. { tripheny.(C,C,)a kox y }(C,-0)a.k y . and {tn(C,-C* 

alkylsilyl>oxy(C^)alkyl. and the most preferable one may be 1 -t-butyld.methyls.lyloxyethyl. 

BuSTw *yl- may include straight or branched one such as methyl, ethyl. P^»£"P£ 
butyM-butyl. pentyl. hexyl. and the like, in which more preferable example may be C,-C< alky, and the most 

Pre tutab.ru^CowX.Ky.- may include straight or branched lower alky, having ureido group such ; as 
ureidomethvl Jeidoethyl ureidopropyl. l-(ureidomethylHthyl. 1 -ureido- 1 -methylethy I. ure.dobutyl. l.^- 
ZethTS eirethTieidopent;.. ureidohexy.. and the like, in which more preferable example may be 
u TidoiLc^alkvl and the most preferable one may be 2-ureidoethyl and 1 .1 -dimethyl-2-ure.doethyl. 

Su^ means aforementioned ureido(.ower,a.k y l. in which the ure,do 

group " CecTX" conventional ureido-protective group such as arOoweOa.ky. wNch mj^-^ 
LbsLent(s). for example, monofor di or tri)ph ny.(.ower )a .k y i (e.g. benzyl. ^"^^^^2,% 
tc). mon (or di)lower alkoxyph n y i(k,wer)alkyl (e.g. 2.4-d,methoxyben 2 yl. tc). b « • we a ' k x ^ ny j 
(.ow Dalkyl (e.g. bis(4-methoxyphen y .)m thy., etc.]. and the .ike. .n wh,ch more preferable one may be 
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phenyl(Ct-C<)aiky). . . . 

Suitable "lower alkanimidoyr may b straight or branched one such as formimidoyl. ac timidoyi. 
propionimidoyl. butyrimidoyl. isovalerimidoyl. pentanimidoyl. hexanimidoyl. and the like, in which mor 
preferable one may be (C.-C<)alkanimidoyl and the most preferable one may be acetimidoyl. 

Suitable "imino-protective group" may include acyl such as carbamoyl, aliphatic acyl. aromatic acyl. 
heterocyclic acyl and aliphatic acyl substituted with aromatic or heterocyclic group(s) denved from 
carboxylic. carbonic, sulfonic and carbamic acids: and the like. nn . 

The aliphatic acyl may include saturated or unsaturated, acyclic or cyclic ones, for example, alkanoyi 
such as lower alkanoyi (e.g. formyl. acetyl, propionyl. butyryl. isobutyryl. valeryl. •sovaleryl pivaloy . 
hexanoyl. etc.). alkylsulfonyl such as lower alkylsulfonyl (e.g. mesyl. ethylsulfonyl. propylsu fonyl. ,sopropy - 
sulfonyL butylsuHonyl. isobutylsulfonyl. pentylsulfonyl. hexylsulfonyl. etc.). N-alkylcarbamoyl <e£ ^ethy'car- 
bamoyl. ethy.carbamoyl. etc.). alkoxycarbony. such as lower a.koxycarbony. (e.g. methoxycarbony. ethox- 
vcarbonyl propoxycarbonyl. butoxycarbonyl. t-butoxycarbonyl. etc.). alkenyloxycarbonyl such as tower 
Senyloxycarbonyl (e.g. vinyloxycarbonyl. allyloxycarbonyl. etc.). alkenoyl such as lower alkenoy .g. 
ac^toy? methacrytoy. crotonoyl. etc.). cyc.oa.kanecarbony. such as cyc«o(lower)a.kanecarbonyl (e.g. 
cyclopropanecarbonyl. cyclopentanecarbonyl. cyclohexanecarbonyl. etc.). and the like. 

Tne aromatic acyl may include aroyl (e.g. benzoyl, to.uoyl. xy.oyl. etc.). N-arylcarbamoyl (e . Q N- 
phenylcarbamoyl. N-tolylcarbamoyl. N-naphthylcarbamoyl. etc.). arenesulfonyl (e.g. benzenesulfonyl. tosyl. 

^ThThtttrcyclic acyl may include heterocycliccarbonyl (e.g. furoyl. thenoyl. nicotinoyl. isonicotinoyl. 
thiazolylcarbonyl. thiadiazolylcarbonyl. tetrazolylcarbonyl. etc.). and the like. 

The aliphatic acyl substituted with aromatic group(s) may include aralkanoyl such as pheny owerh 
alkanoyi (e.g. phenylacetyl. phenylpropionyl. phenylhexanoyl. etc.). aralkoxycarbonyl such as phenyl(lower)- 
alkoxycarbonyi (e.g. benzyloxycarbonyl. phenethyloxycarbonyl. etc.). aryloxyalkanoyl such as phenoxy- 
(lower)alkanoyl (e.g. phenoxyacetyl. phenoxypropionyl. etc.). and the like. 

The aliphatic acyl substituted with heterocyclic group(s) may Include heterocycl.c-alkanoyl such as 
heterocycll<Hlower)alkanoyl (e.g. thienylacetyl. imldazolylacetyl. furylacetyl. tetrazolylacetyl. th.azolylacetyl. 
thladiazolylacetyl. thlenylproplonyl. thiadiazolylpropionyl. etc.). and the like. 

These acyl groups may be further substituted with one or more suitable substltuents such as lowera kyl 
(e.g. methyl, ethyl, propyl. Isopropyl. butyl, pentyl. hexyl. etc.). halogen (e.g chlorine, bromin iodine 
fluorine) tower alkoxy (e.g. methoxy. ethoxy. propoxy. Isopropoxy. butoxy. pentyloxy. hexyloxy etc.). lower 
alkylthto (e.g. methylthlo. ethytthlo. propylthlo. Isppropylthlo. butylthlo. pentytthlo. hexylthlo. etc.). nltro and 
the like and preferable acyl having such substltuent(s) may be mono(or di or tnjhaloalkanoy e.g. 
chloroacetyl. bromoacetyl. dichloroacetyl. trlfluoroacetyl. etc.). mono(or di or tri)haloalkoxycarbonyl (e.g. 
chloromethoxycarbonyl. dlchloromethoxycarbonyl. 2.2.2-trlchloroethoxycarbonyl. etc.). nitro(or halo or tower 
alkoxy)aralkoxycarbonyl (e.g. nitrobenzyloxycarbonyl. chlorobenzyloxycarbonyl. methoxybenzyloxycarbony . 
etc.). mono(or di or trl)halo(lower)alkylsuHonyl (e.g. fluoromethylsuHonyl. difluoromethylsulfonyl. 
trifluoromethylsulfonyl. trichloromethylsulfonyl. etc.). and the like. 

More preferable example of -imino-protective group" thus defined may be (CrC.Jalkeny.oxycarbonyl 
and phenyl(C-C4) alkoxycarbonyl which may have a nltro group, and the most preferable one may be 
allvloxvcarbonyl and 4-nltrobenzyloxycarbonyl. 

SuST "lower alkylene" may include straight or branched one such as methylene, ethy ene. 
tnmethy.ene. tetramethy.ene. pentamethy.ene. hexamethylene. methylmethy.ene. ethy.ethy.ene P^Py'ene^ 
and the like, in which more preferable example may be C-C. alkylene and the most preferable one may be 

^Suftabie -mercapto-protective group" may include acyl as mentioned above. ar(.ower)a.kyl such as 
moncw>r di-or triphenyl(low.er)alkyl (e.g. benzyl, phenethyl. benzhydryl. trityl. etc.). and the like, '" which 
more^referable example may be C-C, alkanoyi. aroyl and tripheny.<OC,»alkyl. and the most preferable 

0ne Th7p t roc« e ses tor the preparation of the object compounds (I) of the present invention are xplained in 
detail in the following. 
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(1) Process 2 : 

The compounds («) or salts .hereof can be prepared by reacting » ojmpjwrj (» or a reactiv 
derivative at the oxo group thereof or. salts thereof with the compound (III) or salts thereof. 

Suitable salts of the compound (..) may be sa.ts with bases such as those 9™**; ^^la 

The reactive derivative at the oxo group of the compound (II) can be 
formula (ir). which is preferably used in this reaction and can be prepared by reacting the compound (I.) or 
salts thereof with an acylating agent. 




2 R 3 

Acylating Agent R ^ 



O | I ^— O-R 

1 



(II) 



R 

(II' ) 



or salts thereof or salts thereof 

in which R 1 R 2 and R 3 are each as defined above, and . 

S is acy"as exemplified for the Imino-protective group and further O.O-substituted phosphono denved 
from for examole. orqanic phosphoric acid mentioned hereinbelow. 

Stable acl«ng agents may include conventional ones which can introduce the acy. group as 
mentioned J£Z into the compound (II). and preferable acylating agents may be orgamc sulfon.c or 
DhosSc «dd or reactive derivative such as acid halide. acid anhydride, and the like, for example. 
SSSSSjr?^^,^"**^^ chloride, p-to.uenesu.fony. chloride, p-nitrobenzenesu ony. ch.o- 
n^P-b^moben.enesu.fony. ch.oride. etc.). erenesu.fon.c anhydride «• V""?"?^ 
toluwesullonic anhydride, p-nitrobenzenesulfonic anhydride, etc.). lower alkanesu.fonyl halid .which may 
S^adSa. halogen methanesuHonyl chloride, ethanesulfony. chloride, trlfluoromethanesulfonyl 
TZTT^\o^m^Mc anhydride wh.ch may have halogen 7^^^ 
eth.nesul.onic anhydride. trif.uorome.hanesuHonic anhydride, etc.). di(.ower)alkyl P"Osphoroha 
ulemyl phosphorochloridate. etc.). diary, phosphoroha.oridate (e.g. dipheny. phosphorochlor.date. etc.). and 

This acylation reaction is usually carried out in a conventional solvent which does not adversely 
influe^w thr action such as acetone, dioxane. acetonitri.e. chloroform, dichloromethane hexamethyl- 
pCsph"^ tetrahydrofuran. ethy. acetate, dimethy.su.foxide. N.N-d.methy.formam.de. 

"^^V^^S'^i in a free acid form or its salt form in this reaction me reaction is 
orefe^blv wrriS out S ,he presence of a conventional condensing agent such as carbod im.de compounds 
rg ^"eC^«rMl m ^' N .N^iisopropy.carbodiimide. N.N^icyc.ohexy.carbodiim.de. N^clohexy, 

v?rnTeS.oxScXlone: n-alkoxy-i-chloroethylene: ethy. polyphosphate: isopropyl polyphosphate: phos- 
ohom ^ oxVchtoriS phosphorus trichloride: thiony. ch.oride: oxa.y. ch.oride: a combination o Itnph ny I- 
nh^«hin7wrth ca*on tetrachloride or diazenedicarboxylate: 2-ethyl-7.hydroxyben2.soxazol.um salt. 2-ethyU 
t^SZtiZSZ^S^ hydroxide intramolecular salt: i-^htorobenzenesulfonyloxy^hloro- H-be- 
nSriS ? s^caS^lsmeier reagent prepared by the reaction of N.N-dimethylformam.de w.th th.onyl 
Sof pho^n ^splTus oxychlo'de. etc, or the like. This acylation reaction can be cam d c« « 

ti^i^^TJoJss^ bicarbonate, etc.). alkali metal alkoxide • <-^-^2TS' 

:= srsiss: ttz^ ^^^^^^ 

2 8 1 9 3 7 5 
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(eg trimethylamine. tri thylamine. N.N-diisopropyl-N-ethylamine. etc.). pyridine compounds [ .9. pyridin . . 
picoline. lutidine. N.N-di(.ower)alkyiaminopyridin such as N.N^imethylaminopynd.n etc.]. . V™^' " 
tower alkylmorphorine (e.g. N-methyln.orphorine. tc). N.N : di(low r)alkylb nzylam.ne ( .g. N.N-d.methyl 

^Tr^lZ 1 !^ this ***** reaction is no, critical and the reaction is usuany carried out 

"^r-SS'lSL ("). . is to b e noted that the 3.^0-" 
system of the following formula (HA) is well known to lie in tautomeric relat.on with the ***W J -™o* 
SSctot3.2.0]hept-2-ene ring system of the following formula (UB>. and accord.ng.y. ,t .s to b under 
stood that both of these ring systems are substantially the same. 




Tautomerism 



cr 



N 




(IIA) 



(IIB) 



The compound (II') or salts thereof can be used with or without isolation for the subsequent reaction 
with the compound (III) or salts thereof. can 
Suitable salts of the compound (III) may be the same as those for the compounds (I) and s.lver salt 
^TZSo o he compound (.1 or Its reactive derivative or salts thereof with the compound (Ml) or 
satts^er^ can L carried out in the presence of an organic or inorganic base such as those. g.ven m the 

-vent which does no, adversely influence the 

~Z ^Z^XZ^ 2 is =,y carried out under from cooling to 

warming. 

(2) Process 2 : 

The compound <Wb> or salts thereof can be prepared by subjecting the compound (l-a) or salts thereof 
to elimination reaction of the carboxy-protective group on R a . 

Stab.e salts of the compound (l-b) may be the same as those for the compounds (I), and those of th 
^ mftAllftH tu*\ mav be salts with bases such as those given for the compounds (I). 

08 Se £^£S^u«i..y carried out oy a conventional method such as hydrolysis, reducfon. and 
the like. 



ss 



(i) Hydrolysis : 

Hydrolysis is preferably carried out in the presence of a base or an acid. Suitable base may include an 
a.ka."me^ hyd«xide (e.g sodium hydroxide, potassium hydroxide, etc.). an alkaline earth metal hydrox.de 
tot Zw*o™y«oMe. calcium hydroxide, etc.). alka.i metal hydride (e.g. sodium hyar.de. potassium 
hySndeTcrTlkaSe earth metal hydride (e.g. calcium hydride, etc., alkali metal alk oxKfc < <e °^£ 
methoxide. sodium ethoxide. potassium t-butoxide. etc.). an alkali metal carbonate (e£. sod.um canionate 
potassium carbonate, etc.). an alkaline earth metal carbonate (e.g. magnes.um J?^^ 
bonate. etc.). an alkali metal bicarbonate (e.g. sodium bicarbonate, potass.um bicarbonate, etc.). and the 

like Suitab.e acid may include an organic acid (e.g. formic acid, acetic acid, propionic f*^™"*' 
acid benrenesulfonic acid, p-toluenesu.fonic acid, etc.) and an inorgan.c acd (e.g hydroch one ac.d 
nyd^omi aSd. sulfuric add. phosphoric acid. etc.). The acidic hydrolysis using tnf.uoroacefc acd * 
usually accelerated by addition of cation trapping agent (e.g. phenol, anisole. etc.)- 

*n case that the ^ydroxy-protective group is ,ri(lower)alk y .si.y.. the hydrolys.s can be earned out ,n the 
oresence of tri(lower)alkylammonium fluoride (e.g. tributylammon.um fluor.de. etc.). 

^ reaction is usually carried out in a conventional solvent which does not adversely .nf.uence th f 
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reaction such as water, dichloromethane. alcohol (e.g. methanol, ethanol. etc.). tetrahydrofuran. dioxane. 
acetone, etc.. or a mixture thereof. A liquid base or acid can be also used as the solvent. 

The reaction temperature is not critical and the reaction is usually carried out under from coding to 

heating. 

(ii) Reduction : 

The reduction method applicable for this elimination reaction may include, for 8 ™P te - ^^"J* 
using a combination of a meta. (e.g. zinc, zinc amalgam, etc., or a sal, of 

chloride chromous acetate, etc.) and an organic or inorganic add (e.g. acetic acid, prop.on.c : ac *a 
hydrochloric aSd Llfuric acid, etc.): and conventional cata ly tic reduction in the presence of a conv nt.onal 

S?^'^ P««^ "taints <•■<>• s *>™ pa,,adium ' pa " adium ^ P K lad,Um T, ,« 
Sdium Tn carbon Sodium hydroxide on carbon, colloidal palladium, palladium on barium sulfate 

pa. Sum on barium carbonate, etc.). nickel catalysts (e.g. reduced nickel, nickel oxide. «W 

pTatfnum catalysts (e.g. platinum plate, spongy platinum, platinum black, co.lo.da. p.at.num. p.at.num ox,de. 

^^t^Z^re^on is applied, the reaction is preferably carried out around neutra, 

^'reaction is usually carried out in a conventional solvent which does not adversely influence the 
reason such as water alcohol (e.g. methanol, ethanol. propano.. etc.). dioxane. tetrahydrofuran. acet.c a=,d. 
buffer solution (e.g. phosphate buffer, etc.). and the like, or a mixture thereof. 

The reaction temperature is not critical and the reaction is usual.y earned out under from coohng to 

^Tise that the carboxy-protective group is ally, group, it can be deprotected by hydrogenolysis using 

^liTe^um compound used in this reaction may be palladium on carbon. pal.adium hydroxide 
on caSSn pEum ch.oride. a pa.ladium-.igand complex such as ,etrakis(tripheny. P hosphine)pa lad.um(0) 
b?s(dCnz^ di[l.2-bis(d.pheny. phosphino)ethane]pal.ad.um(0). «etrak.s(tr. P hen yl 

phosphlte)palladium(O). tetraklsftriethyl phosphite)palladium{0). and the like. rt< , nflra , ftrf m 

This reaction can preferably be carried out In the presence of a scavenger of ally, group 9*™"*f £ 
situ, such as amine (e.g. morpho.ine. N-methy.ani.ine. etc.). an activated methylene compound (e.g. 
Redone benzoylacetate. 2-methyl-3-oxovalertc acid. etc.). a cyanohydr.n compound (e.g. *• 
ZS^opyXZ^ cyanide, etc.). .ower a.kanoic acid or a sa.t thereof (e.g. formic acid, acetic acid. 

•* reaction, the reaction 

the present of the corresponding ligand (e.g. tripheny.phosphine. tripheny. phosph.te.. tnethy. phosph.te.. 

^Tnis reaction is usual.y carried out In a conventional solvent which does not adversely influenc th 
reacSn such as tater. methanol, ethanol. propane., dioxane. tetrahydrofuran. acetomtn.e. chloroform. 

dichloromethane. dichloroethane. ethyl acetate, etc.. or a mixture thereof. 

T^eLJion temperature is not critical =nd the reaction is usually earned out under from coohng to 

War, Tr?e 9 'e.imination reaction, can be se.ected according to the kind of carboxy-protective group to be 

"""^present process inc.udes within the scope thereof a case that the hydroxy-and/or imino-protective 
group(s) for R* and/or R s are removed at the same time during the reaction. 



(3) Process 3 : 

The owouM <MI 0, sail! Ibe-eol can be or.Dared by sobjec.ibg me compos (l-O o, sal* Ibe. 01 
* 283 11 3 7 7 
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tike. 

The method of hydrolysis and reduction, and the reaction conditions (e.g. r action temperature, solvent, 
etc.) are substantially the same as those illustrated for elimination reaction of the carboxy-protective group 
of the compound (1-a) in Process 2. and ther fore are to be referred to said explanation. 

The present process includes within the scope thereof a case that the carboxy-and/or hydroxy- 
protective group(s) for R 1 and/or R* are removed at the same time during the reaction. 



(4) Process 4 : 

The compound (l-f) or salts thereof can be prepared by subjecting the compound <l-e) or salts thereof 
to elimination reaction of the hydroxy-protective group on R a . 

Suitable salts of the compounds (l-e) and (l-f) may be the same as those for the compounds (I). 

This reaction is usually carried out by a conventional method such as hydrolysis, reduction, and the 

like. 

The method of hydrolysis and reduction, and the reaction conditions (e.g. reaction temperature, solvent, 
etc.) are substantially the same as those illustrated for elimination reaction of the carboxy-protective group 
of the compound (l-a) in process 2, and therefore are to be referred to said explanation. 

In case that the hydroxy-protective group is tri<lower)alkylsilyl, the removal of this protective group can 
also be carried out in the presence of tetra(lower)alkylammonium fluoride (e.g. tetrabutylammonium fluoride.. 

etc.). . . 

The present process includes within the scope thereof a case that the carboxy-and/or imino-protective 

group(s) for R 1 and R s are removed at the same time during the reaction. 



(5) Process 5 : 

The compound (l-g) or salts thereof can be prepared by reacting the compound (l-d) or salts thereof 
with lower alkanimtdoylating agent. 

Suitable salts of the compound (l-g) may be the same salts with bases for the compounds (I). 

Suitable lower alkanimidoylating agent may be conventional ones which can Introduce the lower 
alkanimldoyl group as mentioned above into the compound (l-d). and said preferable agent may be lower 
alkyl <lower)alkanimidate (e.g. methyl formlmidate. ethyl formlmldate. methyl acetlmidate. ethyl acetlmidate. 
ethyl propionimidate. ethyl butyrimidate. ethyl isovalerimidate. ethyl pentanimidate. ethyl hexanimldate, 
etc.). (lower)alkanimidoyl halide (e.g. formimidoyl chloride, formimidoyl bromide, acetimidoyl chloride, 
acetimidoyl bromide, propionimidoyl chloride, butyrimidoyl chloride, isovalerimidoyl, chloride, pentanimidoyl 
chloride, hexanimidoyl chloride, etc.). and the like, or an acid addition salt thereof. 

This reaction is usually carried out in a conventional solvent which does not adversely influence the 
reaction such as tetrahydrofuran. dioxane. water, methanol, ethanol. buffer solution (e.g. phosphate buffer, 
etc.). etc., or a mixture thereof. 

This reaction can be carried out In the presence of an organic or inorganic base such as those givon in 

the explanation of Process 1 . 

The reaction temperature is not critical, and the reaction is usually carried our under from cooling to 

warming. . 
Methods A and 6 for preparing the new starting compound (III) or salts thereof are explained in detail in 

the following. 
(A) Method A 

The compound (Hl-a) or salts thereof can *>e prepared by reacting the compound (IV) or a reactive 
derivative at the hydroxy group thereof or salts thereof with the compound (V) or salts thereof. 

Suitable salts of the compounds (Hl-a). (IV) and (V) may be the same as those for the compound (III). 

Suitable reactive derivative at the hydroxy group of the compound (IV) may include a conventional one 
such as halide (e.g. chloride, bromide, iodide, etc.). sulfonate (e.g. methanesulfonate. benzen sulfonate, 
toluenesulfonate. etc.), and the like, in which more preferabl example may be sulfonate and the most 
pr ferable one may be m thanesulfonate. 

The starting compound (IV) or a reactive derivative at the hydroxy group thereof of this m thod is new 
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TO 



15 



JO 



and can be prepared by the methods described in the Preparations mentioned below, or by a conventional 

Pr ° C pre S ferable example of the compound (V) or salts thereof may be ar(lower)alkanethiol such as ; mon«.' 
di-or triphenyl(lower)alkanethiol (e.g. phenylmethanethiol. diphenylmethanethiol tripheny.methaneth.ol etch 
mSr.ower)alkanoic S-acid (e.g. thioacetic S-acid. etc.). thioarenoic S-acid (e.g. th.obenzo.c S-ac.d. tc.>. and 
M ?S?T sa^hereof. in which more preferable example may be tripheny,<C,-C,>a.kaneth,ol. th.o^-C* 
alkali S-acid and thio(C e -C,o)arenoic S-acid. or salts thereof, and the most preferable one may be 

^JSS ZZSZtiSiZZ* -action is preferably used in a form o, its reactive d r = 
at thThydroxy group and in such a case, this reaction is usually carried out ,n the presence of an organic 
nr innroanic base such as those exemplified in the explanation of Process 1 . 

" In Tas STLSJ Sample of compound (V) may be ,hio<lower)a.kanoic S-acid or ^ 
this reaction is preferably carried out in the presence of a convent.onal condensing agent such as 
combinatir of t'ary.phosphine (e.g. tripheny.phosphine. etc.) and di(lower)a.ky. azodicarboxy.ate (e.g. 

^^^tZ^c^ out in a conventional so.vent which does not adversely influence the 
reac^n such as dfch.oromethane. methanol, ethanol. propanol. pyridine. N.N-dimethylformamide. 
tAtrahvdrofuran etc.. or a mixture thereof. 

SetacTon 'temperature is not critical and the reaction is usua.ly carried out under from cooling to 

Wa Tn n ?his method, the configuration on the carbon atom substituted with the hydroxy group of the 
compound (IV) is inverted in the compound (lll-a). 



js (B) Method B 

The compound (111) or salts thereof can be prepared by subjecting the compound (lll-a) or salts thereof 
to elimination reaction of the mercapto-protectlve group. 

T^Lnation reaction can be carried out by a conventional method as described below, which can 
be selected according to the kind of mercapto-protective group to be ellm.nated. allmlnatnd bv 

In case that the protective groups may be ar(lower)alkyl group, it can generally be eliminated by 
treatino tor example, with a silver compound (e.g. silver nitrate, silver carbonate, etc.). 

The reaciion the silver compound as stated above Is preferably carried out in the presence of an 

^IZ^Z^Tc**^ m can be transformed into its a.ka.i meta. salt. If necessary, by 
reacting with alkali metal halide (e.g. sodium iodide, potassium iodide, etc.). Qlimina , ort h« 

Further, in case that the protective groups may be acyl group, it can generaHy be el.m.nated by 
solvolysis such as hydrolysis using an acid or base, alcoholysis using a base, and the like. . 

Suitable acid or base used in these reactions may be the same such as those g-ven .n the exp.anat.on 

°' "C'Slysis ^"ly 'carried out in a conventional so.vent which does not aversely influence the 
reacSn such a's water. a.Jho. (e.g. methanol, ethanol. etc.,. pyridine. ^'J^J^^-JS a 
mixture thereof, and further in case that the base or acid to be used is .n liquid, it can also be used as a 

SOlV Tt alcoholysis is usually carried out in a conventional alcohol such as methanol, ethanol. j «^ « 

The "action temperature is not critica. and the reaction is usually carried out under from cool.ng to 

""^object compounds (I). (l-b). (l-d). (.-.) and (l-g). and the ^^^^^J^ £ 
according to the Processes 1 to 5. and Methods A and B as explained above can be .solated and pu nfied I in 
rconTenJona, manner, for examp.e. extraction. . precipitation, fractional crystallization, reorganization. 

^ZZ^^tZZ^e object compounds (I) possessing more potent ant.microbia. activity can be 

represented by the following formula : 
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s 




(I* ) 



COOH H 



in which R J . R 3 and A are each as defined above, and 

R a is ureido<1ower)alkyl, and 
pharmaceutical^ acceptable salts thereof. «orP-sAnted bv 

Particularly, the compounds (I) possessing the most potent ant.m.crob.al activity can be represented by 

the following formula : 




COOH 



25 



30 



35 



in which R 4 and A are each as defined above, and pharmaceutical^ acceptable salts thereof. 

The obfect compounds(l) and pharmaceutical* acceptable salts thereof of the present Invention exhibit 
high antimicrobial activity, inhibiting the growth of a wide variety of pathogenic microorganisms Including 
Gram-positive and Granvnegative microorganisms, especially Gram-negative bacter.a such as P. 
a eruginosa and are useful as antimicrobial agents. a . rtCf 

fetnTr, the object compounds(l) and pharmaceutical* acceptable salts thereof are very stable aga ns 

Dehydropeptidase and show high urinary excretion, therefore have high potential for the treatment of 
various diseases, especially urinary tract Infections. 

Now in order to show the usefulness of the object compounds (I), the test data on antimicrobial activity 
of the representative compound of the object compounds (I) of this invention is shown in the following. 



40 



45 



in vitro Antimicrobial Activity 
Test Method : 

in vitro Antimicrobial Activity was determined by the two-fold agar-plate dilution method as described 

^Sne loopful of 100-fold dilution of an overnight culture of a test strain in Mueller Hinton broth (Difco) 
(approximately 10* viable cells per ml) was spot-inoculated on Mueller Hinton agar - (D.fco) conUm.ng 
graded concentrations of the test compound, and the minimal inhibitory concentration <MIC) was xpr ss d 
in terms of ug/ml after incubation at 37*C for 20 hours. 



50 Test Compounds 

1 ) (4R 5S 6S)-6-[(1 R>o -hydroxyethy IM-methyl-7-oxo-3-[(2S.4S)-2-ureidomethy lpyrrolidin-4-yl]thii 
a 2 abicyclo[3.2.0]hept.2-ene-2^arboxylic acid of EP-A-0 182 213 (hereinafter referred to Ref rence C 
pound) 

55 



f >added 5% horse blood-chocolate agar tor the test of h. influenzae] 
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2) (4R ss 6S>-6-[(1 R)-i-hydroxyethyl]-4-melhyl-7-oxo-3-[(2S.4S)-2-{(2-ureidoethy1)- 

oxymethyl>pyrrolidin.4.yl)thio.l. , a2abicycIo[3.2-0)hept-2-ene.2-carbox y lic acid of Examples 7. 8. 9 or 10 
(her inafter referred to Compound of this invention) 

Test Results : 



MIC (ug/m&) 



Test Strains 


Reference 
Compound 


Compound of 
this invevtion 


S. aureus 2496 


1.56 


0.05 


P. aeruginosa 30 36 


1.56 


0.39 


E. cloacae 3013 


0.1 


< 0.025 


H. influenzae 58 


0.78 


0.1 



For therapeutic administration, the object compounds (I) and the pharmaceutical* acceptable salts 
thereof of the present invention are used in the form of conventional pharmaceutical P»P«;*™ 
con^ns said compound, as an active ingredient, in admixture ^.^^^^^2^ 
such as an organic or inorganic solid or liquid excipient which is suitable for oral, parenteral and external 
aSmirJstraJon^The pharmaceutical preparations may be In solid form such as tablet granule, powder, 
capsule, or liquid form such as solution, suspension, syrup, emuls.on. lemonade, and the 

If needed, there may be Included in the above preparations auxiliary substances. »^*^*"*' 
wetting agents and other commonly used additives such as lactose, stearic acid, magnesium stearate. terra 
TlS !uc?ose corn starch, talc, gelatin, agar, pectin, peanut oil. olive oil. cacao butter, ethylene glycol, 
tartaric acid, citric acid, fumaric acid, and the like. 

v5i the dosage o« the compounds (I) may vary from and also depend upon the age. condUion .of me 
patient a kind o. diseases, a Kind of the compounds (I) to be applied, etc. In general, amount beNjeenimg 
Snd about 4.000 mg or even more per day may be administered to a pat.ent. An average angle dose of 
about i mg Tmg 50 mg. 100 mg. 250 mg. 500 mg. 1000 mg. 2000 mg. of the object compounds (I) of 
the oresent invention may be used in treating diseases infected by pathogenic m.croorganlsms. 

^TS^lf^on, and Examples are given for the purpose of illustrating this Invention ,n more 

detail. 



Preparation i_ 

To a solution of < 2 S.4RM-hydroxy-2-methoxycarbony.1.(4.nitrobenzylox^ 
NN-dimethyltormamide (500 ml) were added imidazole (93.9 g) and t-butyM.mettyls.lyl ch onde (93.9 g) 
and The milre was stirred at ambient temperature lor 14 hours. The reaction m.xture 
acetate (2 0 t) and washed in turn with water and brine, and then dried over magnes.um sulfate. Removal <* 
me solint gave ( ls.^ 
(260 g). 

[o] J 9 : -36.2" m(C= 1.00. CHCb) 

"SlS^^M^OJBB <9H. s>. 1.8-2.4 (2H. m, 3.3-3.8 (2H. m). 3.63 <S, ,0H> 3 .72, (s, <3H>. 
4.3-1.5 (2H. m). 5 20 (IH. q. J = 14Hz). 5.23 (IH. s). 7.42 (2H. dd. J = 5. 9Hz). 8.15 (2H. d. J-9Hz) 
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Preparation 2 

To a solution of (2S.4R)-4-t-butyldim6thylsilyloxy-2-m thoxycaroonyl-1-(4-nitroben2yloxycarbonyl)- 
pyrrolidine (790 g) in ethanol (10.0 t ) was added sodium borohydride (208 g) and the mixture was stirred 
at ambient temperature for 16 hours. The reaction mixture was diluted with ethyl acetate (18 I) and washed 
with brine (4 times), dried over magnesium sulfate and evaporated in vacuo to give a residue. To the 
residue was added n-hexane and the resulting precipitate was collected by filtration, and washed with a 
mixture of diisopropyl ether and n-hexane (1:9 V/V) to give (2S.4RM-t-butyldimethylsilyloxy.2- 
hydroxymethyl-l-(4-nitrobenzyloxycarbonyl)pyrrolidine (354 g). 

mp : 49-51 °C 

[a] J, 9 : - 40 - 2 * < C = 1 CHCb) 

|R (Nujol) : 3400, 3300. 1705. 1670 cm 1 

NMR (CDCIj, 5) 0.07 (6H. s), 0.87 <9H. s). 1.4-2.1 (2H. m), 3.3-3.8 (4H. m). 3.9-4.5 (2H. m). 5.22 (2H. s), 
7.47 (2H. d, J = 9H2). 8.1 7 (2H, d, J = 9Hz) 



Preparation 3 

A mixture of (2S. 4R)-4-t-butyldimethylsilyloxy-2-hydroxymethyl-1-(4-nitroben2yloxycarbonyl)pyrroHdine 
20 (10 0 g) methanol (100 ml) and 20% palladium hydroxide on carbon (0.5 g) was stirred under atmosph ric 
pressure of hydrogen at ambient temperature for 3 hours. The catalyst was filtered off and the filtrate was 
concentrated under reduced pressure to give (2S,4R).4-t-butyldimethylsilyloxy-2-hydroxymethylpyrrohdine. 
To a solution of the compound obtained above in a mixture of tetrahydrofuran (100 ml) and water (100 ml) 
was dropwise added a solution of chloroacetyl chloride (5.0 ml) in tetrahydrofuran (10 ml) under ice-cooling 
25 with stirring, keeping the pH between 8-9 with 4N aqueous sodium hydroxide. The mixture was stirred at 
the same condition for 2 hours and extracted with a mixture of ethyl acetate and tetrahydrofuran (1:1 v/V) 
(100 ml * 5). The solution was dried over magnesium sulfate and concentrated under reduced pressure to 
give a syrup The syrup was subjected to a column chromatography on silica gel (200 g) and eluted with a 
mixture of methanol and dichloromethane (1:99 V/V) to give <2S t 4R)-4-t-butyldimethylsilyloxy-i -chloroacetyl- 
30 2-(hydroxymethyl)pyrrolidine (4.22 g). 

!R (Neat) : 3400, 1660-1630 cm 1 ^ 

NMR (CDCh, «) : 1.10 (6H, s). 1.90 <9H. s), 1.5-2.3 (3H, m). 3.3-3.9 (5H. m), 4.03 <2H. s), 4.1-4.5 (3H. m) 

as Preparation 4 

A solution of (2S,4RH-t-butyldimethylsilyloxyi-chloroacetyl-2-(hydroxymethyl)pyrrolidine (4.20 g) in 
tetrahydrofuran (20 ml) was dropwise added to a suspension of sodium hydride (62.8 % in oil suspension) 
(0 55 g) in tetrahydrofuran (60 ml) at 20-30*C and the mixture was stirred at 25-30'C for 3 hours. The 
mixture was concentrated under reduced pressure to give a syrup. A solution of the syrup in ethyl acetate 
(80 ml) was washed with water (100 ml), dried over magnesium sulfate and concentrated under reduced 
pressure to give a residue. The residue was subjected to a column chromatography on silica gel (30 g) and 
eluted with a mixture of methanol and chloroform (1:99 V/V) to give (6S.8R)-8-t-butyldimethylsilyloxy-2-oxo- 
l-aza-4-oxabicyclo[4.3.0]nonane (3.49 g). 
mp : 81-82'C 

IR (Nujol) : 1650 cm 1 , « „ ^ 

NMR (CDCh. 5) : 1.10 (6H. s). 1.90 (9H, s). 1.3-1.6 <1H, m), 1.8-2.1 (1H. m), 3.1-3.5 <2H. m). 3.8-4.3 <5H, 

m), 4.4-4.6 <1H, m) 

MS : 256 (M -15). 214 

so 
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Preparation 5 

A suspension of (6S.8R)-8-t-butyldimethylsilyloxy-2-oxo-l-a2a-4-oxabicyclo[4.3.0]nonane (1.43 g) in 6N 
hydrochloric acid (14 ml) was heated for 3 hours under reflux. After cooling, the solution was washed w.th 
ethyl acetate (7 ml x 2) and concentrat d under r duced pressure to give (2S.4R)-2- 
(carboxymethyloxymethyl)-4-hydroxypyrroiidine hydrochloride. 
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Preparation 6 

To a solution of the compound obtained in Preparation 5 in a mixture of water (30 ml) and 
tetrahydrofuran (30 ml) was dropwise added a solution of 4-nitrobenzyloxycarbonyl chlor.d (1.36 g) .n 
tetrahydrofuran (6 ml) under ice-cooling with stirring, keeping the pH between 8-9 with4N a°_ueous^.um 
hydroxide. The mixture was stirred under the same condition for 2 hours, ad.usted to pH 2.5 wrth^N 
hydrochloric acid and extracted with ethyl acetate (50 ml * 2). The organic so.ut.on was comb.ned washed 
2th brine dried over magnesium sulfate and concerted under reduced pressure to g.ve a *WTh 
TyL was sublected to a column chromatography on silica gel (20 g) and e.uted w.th a m.xture of m thanol 
and cWoroSrn (3:97 V/V) to give (2S .4R)-2-(c a rbox y me«hyloxymethy.)-4-hydrox y -l-(4-n 1 trob nzyloxycar- 

bonyl)pyrrolidine (1 .45 g). 

d. J = 8.5Hz), 8.18 <2H. d. J = 8.5Hz) 



20 
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Preparation 7 

A solution of methanesulfonyl chloride (0.62 ml) in dichloromethane (2 ml) was *opwiM added I to a 
solution of (2S.4R)-2.(carbOx y methyloxymeth y l)-4.hydrox y -1-(4-nitroben 2 yloxycarbonyl)pyrrol.d,ne (1.42 g) 
and triethylamine (1.4 ml) in dichtoromethane (14 ml) at 0-S'C and the m.xture was st.rred at the same 
wmiratJe for 1 hour. The mixture was poured into water (SO ml), adjusted to pH 2.5 w,th 6N hydroch.onc 
aTdTd e'rited with dichloromethane (50 ml « 2). The organic layer was wasahed 
magnesium sulfate and concentrated under reduced pressure to give a syrup. The syrup , was • «*£Cttd I to. 
column chromatography on silica gel (20 g) and eluted with a m.xture of methanol and chloroform (1.99 
V/5) to give ^(7s,4R)-2-(carboxymethyloxymethylH-rnethanesulfonyloxy.l-(4-nltrobenzyloxycarbon y .)- 

pyrrolidine (1.30 g). 

NmS H (COC.^%T 2 %T2H. m). 3.03 (3H. S). 3.5-4.4 (5H. m). 4.08 (2H. s). 5.22 <2H. S). 5.2-5.4 (1H. m). 
5.8-6.2 (1H. m). 7.48 <2H. d. J » 8.5Hz). 8.19 (2H. d. J -8.5Hz> 



Preparation 8 

3S A solution of isobutyl chloroformate (0.60 g) in tetrahydrofuran (i m.) was dropwise added to , ■ . solution 
of (2S4Rh2-(carboxymethyloxymethyl)-4-methanesulfonyloxyl-(4.nltrobenzyloxycarbonyl)p y rrol.d.ne (1.28 
g £k TtriethyLlne (0.82 ml) in tetrahydrofuran (13 ml) at -10 - -S'C and the mixture was st.rr.dat he 
samVtemperature fo 30 minutes. The mixture was dropwise added to concentrated ammon.a water (10 
STi M-C «» •» "Won was stirred at the same temperature for 1 hour. The m.xture was poure . n o 

<o Tatar (50 m.) and extracted with ch.oro«orm (SO m.). The organic .ayer was dr.ed over magn "-um sulfate 

and concentred under reduced pressure to give a syrup. The syrup was sheeted to a column 

ehromatoc-araohv on silica gel (25 g) and eluted with a mixture of methanol and chloroform (2.98 V/V) to 
chjomatogar^ 

(LOOg). 

" NMR e (2DC,rr:T2-2 m 6'(2H. m). 3.06 (3H. s, 3.5-4.5 (7H. m). 3.98 (2H. s). 5.2-5.5 <1H. m). 5.29 (1H. 
m). 7.55 (2H. d. <i- 8.5Hz).' 8.28 (2H. d. J = 8.5Hz) 



so Preparation 9 

To a suspension of sodium borohydride (0.30 g) in tetrahydrofuran (15 ml) was added boron trifluonde 
etherate (3 5 mO n a nitrogen stream with stirring at 0-5-C. The mixture was stirred at the sam cond uon 
2"S i mines' To ^mixture was added a solution of <2S. ^f^^^^ 
ss m thanesu.fon y .oxy-1-(4-nitrobenzy.oxycarbony.)pyrro.idine (1.60 g) .n tetrahyd rofuran (3 « « <^ 
mixture was stirred at 0-5-C for i hour and at ambient temperatur overn.gh Methanol (10 ml) 
toth r action mixtur at 0-10-C. After 2 hours, insolub. mater.a. was f.ltered « «"d Jhe 
concentrat d und r r duced pressure to give a residue. A so.ution of th res.due .n a m.xture 
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cone ntrat d hydrochloric acid (3 m.) and methanol (30 ml) was stirred at ambient tem^ratur for 20 
hours. The mixture was concentrated under reduced pr ssure to give (2S.4Rh2.((2-am.noemyl)oxyrnemy* 
4-methanesulfon y lo X y-l-(4-nitroben Zy loxycarbonyl)pyrrolidine. To a solution of the compound obtained 
above in a mixture of water <10 ml) and tetrahydrofuran (20 ml) was added a solution of potass.um cyanate 
(1 50 g) in water (5 ml) at 40-45'C. keeping the pH between 4-5 with concentrat d hydrochloric aod.The 
reaction mixture was extracted with ethyl acetate (50 ml - 2). The organic layer was washed with bnne. 
dried over magnesium sulfate and concentrated under reduced pressure to g.ve a syrup The syrup was 
subjected to a column chromatography on silica ge. (20 g) and eluted with a mixture on rnathanrt I and 
chtoroform (1:99 V/V) to give (2S.4R)-4-methanesu.fonyloxy-1-(4-nitroben2yloxycarbonyl)-2-((2-ur .doethy.)- 

oxymethyl]pyrrolidine (1.38 g). 
1R (CHCb) : 1705-1655 cm 1 

NMR (CDCb. «) : 3.07 (3H. s). 5.23 (2H. s>. 7.51 (2H. d. J =8.5Hz). 8.23 (2H. d. J = 8.5Hz) 



is Preparation 10 

A solution of (2S.4R)-4-methanesulfonyloxy. 1 .(4-nitroben 2y loxycarbonyl)-2-[(2-ureidoethyl)oxymethylh 
pyrrolidine (1.37 g) in dimethyllormamide (3 ml) was added to a reaction mixture of thioacetic S-ac.d (0.32 
mVand sodium hydride (62M in oil suspension, (0.14 g) in dimethyl formam.de (7 ml) ,n a nitrogen 
« earn, and the mixture was heated at 70-75'C for 5 hours. The reaction mixture was poured ,nto c -water 
£> ml), extracted with ethyl, acetate (50 ml - 2). dried over magnesium sulfate and °«««^ 
educed pressure to give a syrup. The syrup was subjected to a column chromatography on s.l.ca gel (20 
g) anf e^ed with a" mixture o. methane, and chloroform (2:98 V/V) to give (2S.4S)-4-ace^.«h,o-l-(4. 
nitroberuyloxycarbonyl)-2-[(2.ureidoethyl)oxymethyl]pyrrolidine (1.02 g). 
IR (CHCIj) : 1710-1655 cm ' 

NMR (CDCh, a) : 2.33 (3H. s). 5.20 (2H. s). 7.48 (2H. d. J = 8.5H 2 ). 8.21 <2H. d. J = 8.5Hz) 
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Preparation n 

To a solution of (2S.4S)-4.acety.thic-l-(4-nitrobenzylox y c^^^ 
(1.01 o) in methanol (20 ml) was added sodium methoxlde (28-/. solution in ™^"°* m " M *£ n ° a ^ 
n a nitrogen stream and the mixture was stirred at the same cond.t.on for 1.5 hour To the m Ixtu e was 
added glacial acetic acid (0.17 ml) at -10 - 0-C. The mixture was concentrated under ^wed presw e to 
oive a residue. The residue was dissolved in ethyl acetate (50 ml). The solut.on was washed with water (20 
ml) dried over magnesium sulfate and concentrated under reduced pressure to give a syrup. The syrup 
?«s subjected to a column chromatography on silica gel (20 g) and eluted with . m.xtura of ™>thanol, and 
ThtorXm (2:98 V/V) to give (2S.4S)-4-m8rcapto-l.(4.nitroben 2 y.oxycarbony.).2-((2-ure.doethy.)oxymeth y .]- 

pyrrolidine (0.74 g). 

IR (CHCh) : 1705-1655 cm ' 

NMR (COCh. «) : 5.22 <2H, s). 7.50 <2H, d. J = 8.5Hz). 8.22 (2H. d. J s 8.5Hz) 
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Preparation 12 

To methanol (S00 ml) was added cone, sulfuric acid (10 ml) below 30'C. To this solution was added 
(2S4RVl-benzylox y carbony|.2-carboxy-4.hydrox y pyrrolidine (100 g) and the resulting mixture was heated 
uTdi Te iuVto^ ■ hours. To the mixture was added triethylamine (63 ml) below 10'C. and the 
evaporated in vacuo keeping a bath temperature of- rotary evaporator below 40'C to give a syrup. To th.s 
S5? w-e added tetrahydrofuran (100 ml, and toluene (200 ml, successively, and then evaporat dm 
vacuo keeping the bath temperature below 40'C. This procedure was performed once more to grve 
(2S4R)-1-ben Z yloxycarbonyl-4.hydroxy-2-methoxycarbonylpyrrolidine. The compound obtained above was 
Sowed in a mixture of ethyl acetate (1000 ml) and triethylamine (63 ml). To th.s soUit.on was add d 
£££ a solution of methanesulfony. chloride (35 ml) in ethyl acetate (100 ml, at 0 ; 5'C = ^ 
1.5 hours. This mixture was stirred at the same temperature for add.t.ona. 30 minutes • ™« J™*"? wa * 
poured into ice-C0.d water (1000 ml) with stirring. The organic layer was ™ 
hydrochloric acid (1000 ml), saturated aqueous sodium hydrogen carbonate (1000 ml) an < 1 °°J ' «"J 
successively. This organic layer w as evaporated in vacuo keeping the bath temperature below 40 C to 
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aive <2S 4R)-1-b n2vlOxycarbonyl-4-methanesulfonyloxy-2-methoxycart>onylpyrrolidine. Th compound ob- 
tain d above was dissolved in a mixture of tetrahydrofuran (200 ml) and ethanol (300 ml). To this solution 
was added sodium borohydride<28.Sg) by three portions below 10'C and then this, mixture was stirred at 

25 * 3 This miLTwas poured into ice-cold water (5000 ml) containing cone, sulfuric acid (92 ml) with 
vigorous stirring, and the stirring was continued for additional 1 hour to give a white crystal. This crystal was 
collected by filtration and washed with ice-cold water (500 ml) to give <2S. 4RM.benzy.oxycarbony.-2- 

hydroxymethyl-4-methanesulfonyloxypyrrclidine (95.2 g). 

E^TSS^"^ «K ™>. 300 ,3H. s,. 3.^-00 ,4H. «.0«.„ „K 

5.17 <2H. S). 5.38 (SH, s) 

Preparation 13 

To a solution of { 2S.4R)-l-ben 2 y.ox y carbony.-2-hydrox y meth y l- 4 -methanesu..ony.oxypyrro.idine ^(100 g) 
and ethyl bromoacetate (100 ml) in tetrahydrofuran (500 ml) was added a solut.on of potassium t-butox.de 
000 g) in teTaSydro« U ran (500 ml) in a nitrogen streem at -15 - -10'C for 2 hours and the m.xture was 
Sre a ^ambieni temperature for 3 hours. To the reaction mixture was added 2N aqueous sod.um 
hydToxide 5» mT) a?0-*0-C and the mixture was stirred at ambient temperature for ,0 hours. Th organic 
ySXrZJ** under reduced pressure to give an aqueous so.ution. To the aqueous so.u „ on was 
added water (500 ml) adjusted to pH 10 with 4N aqueous sodium hydrox.de and washed with ethyl acetate 
<5«S> m^ 2) TeTqueous so.ution was adjusted to pH 4 with concentrated hydroch.oric acid and extracted 
wHh *h y . acetate (300 ml * 2). The organic layer was washed with brine (300 m.). dried oyer magnesium 
M cLtoxme* under reduced pressure to give (2S.4R)-l-benzy.oxycarbony.-2- 

(carboxymethyloxymethy.M-methanesuHonyloxypyrrolid.ne (94.0g). 

IR (Neat) : 3500-3100. 1755-1650 cm ' 

NMR (COcl 6i : 2-99 (3H. s). 4.08 (2H. s). 5.17 (2H. s). 5.2-5.4 (1H. m). 7.37 (5H. s). 8.00 (1H. s) 



Preparation 14 

A solution of isobuty. cNorotorma.e (9 m.) in tetrahydrofuran (20 ml) was dropwise adde d to a so.ution 
of (2S.4R)-1-benz y loxycarbony|.2.carbox y methyloxymethyl-4-methanesulfonylox y pyrrol.d.ne (24.85 i g > and 
trie hy amine (10.75 ml) in tetrahydrofuran (120 ml) at -10 - -5«C and the mixture was st.rred I aT the same 
temperature tor 30 minutes. The mixture was dropwise added to concentrated ammonia water (25C .ml) at r> 
5-C anTthe so.ution was stirred at the same temperature for 30 minute^ Thejea^n mixture was 
extracted with ethyl acetate (300 ml). The organic layer was washed with water (200 ml 3). IN 
hSnSwori^id (300 m. - 2) saturated sodium hydrogen carbonate (300 ml) and brine in turn, dr,e I over 
Ignis Em sulfate, and concentrated under reduced pressure to give a syrup. The 

a column chromatography on silica gel (250 g) and eluted with a mixture of methano and chtorofo m (Z98 
and then 4:96 V/V)To give (2S.4R)-l-ben 2y loxycarbonyl-2-carbamoylmethylox y meth y M-methanesulfon y .ox- 

ypyrrolidine (15.52 g). 

IR (CHCb) : 1710-1660 cm 1 

Preparation 15 

To a suspension of sodium borohydride (3.05 g) in tetrahydrofuran (155 ml) was added boron trmuoride 
etherate (35 6 ml) in a nitrogen stream with stirring at 0-5«C for 30 minutes. The m.xture was stored at the 
«me conditfon for 30 minxes. To the mixture was added a so.ution of (28 4R)-1 
^arbamo y .methy.oxymeth y .)-4-methanesul«on y .ox yPy rro.idine (15.5 g) « ™*W<>*™ K ient temperature 
or 30 minutes. The reaction mixture was stirred a. 0-5-C for 30 m.nutes and at 

olemiqht Ethanol (46.5 ml) was added to the mixture below 10«C. After 2 hours. W " 
SSfS. and Jfi-trate was concentrated under reduced pressure to 9*- a residue. A ^ £ the 
residue in a mixture of concentrated hydrochloric acid (15.5 ml) and methanol < 1S J '™ " 

ambient temperature overnight. The mixture was concentrated under reduced pressure to give (2«£«>* .[ 
^amino TXxyL.hy.J-l-? nz yl oxycarbon y ..4-methanesu..ony.oxypyrro.idin To a solut.on of the com- 
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pound obtained above in a mixture of water (46.5 ml) and tetrahydrofuran (77.5 ml) was added a solution of 
potassium cyanate (16.3 g) in water (SO ml) at 40-50'C. keeping th pH betw en 4-5 with concentrated 
hydrochloric acid. The mixture was xtracted with ethyl acetate. The organic lay r was washed with brine, 
dried over magnesium sulfate and concentrated under reduced pressure" to giv (2S.4R)-i- 
benzyloxycarbonyl-4-methanesulfonyloxy-2-l(2-ureidoethyl)oxymethyl]pyrrolidine (1 3.28 g). 

IR (Neat) : 1710-1655 cm ' 

NMR (CDCIj. S) : 3.03 (3H. 3), 5.16 (2H. s). 7.37 (5H. s) 



Preparation 16 

A mixture of (2S.4R)-1 -ben 2 yloxycarbonyl-4-methanesulfonyloxy-2-[(2-ureidoethyl)oxymemyllpyrrolidin 
'(13 25 g). concentrated hydrochloric acid (3 ml), methanol (150 ml) and 10% palladium on carbon (0.5 g) 
was stirred under atmospheric pressure of hydrogen at ambient temperature for 4 hours. The catalyst was 
filtered off and the filtrate was concentrated under reduced pressure to give <2S.4R)-4-methanesulfonyloxy- 
2-[(2-ureidoethyl)oxymethy1] pyrrolidine. To a solution of the compound obtained above .n a m.xture of 
tetrahydrofuran (100 ml) and water (100 ml) was dropwise added a solution of allyl chloroformate (3.75 ml) 
in tetrahydrofuran (30 ml) under ice-cooling with stirring, keeping the pH between 8.5-9.5 with 4N aqueous 
sodium hydroxide. The mixture was stirred at the same condition for 1 hour and extracted with ethyl acetate 
(100 ml * 2) The organic layer was dried over magnesium sulfate and evaporated under reduced pressur 
to Give a syrup. The syrup was subjected to a column chromatography on silica gel (150 g) and eluted with 
a mixture of methanol and chloroform (2:98 and then 4:96 V/V) to give <2S.4R)-i-allyloxycarbonyl-4- 
methanesulfonyloxy-2-[(2-ureidoethyl)oxymethyl]pyrrolidine (1 1.02 g). 

IR (CHCIj) : 1705-1650 cm ' 

NMR (CDCIj. I) : 2.2-2.4 (2H. m). 3.06 (3H. s), 5.7-6.2 (1H. m) 



Preparation 17-1) 

A solution of (2S.4Rh1-allyloxycarbonyl-4-me«hanesulfonyloxy-2-[(2-ureidoethyl)oxymethyl]pyrrolidine 
(11.00 g) In dimethylformamide (30 ml) was added to a reaction mixture of thioacetic S-acid (3.05 ml) and 
sodium hydride (62.8% in oil suspension) (1.4 g) in dimethylformamide (50 ml) In a nitrogen stream and the 
mixture was heated at 80-85'C for 3 hours. The mixture was poured into ice-water (400 ml), extracted with 
ethyl acetate (150 ml * 3). dried over magnesium sulfate and concentrated under reduced pressure to give 
a syrup. The syrup was subjected to a column chromatography on silica gel (150 g) and eluted with a 
mixture of methanol and chloroform (2:98 V/V) to give (2S.4S)-4-acetylthio-i-ailyloxycarbonyl-2-t(2. 
ureidoethyl)oxymethyl]pyrrolidine (8.23 g). 

IR (Neat) : 3500-3100, 1710-1650 cm 1 

NMR (COCIs. «) : 2.94 ( 3H. s) 

.} 

Preparation 17-2) * 

A solution of (2S.4RH .allyloxycart»nyl-4.methanesulfonyloxy.2-((2-ureidoethyl)oxymethyl]pyrrolidine 
(1 00 g) and potassium thioacetate (0.48 g) in dimethylformamide (6 ml) was heated at 80-85« 'C for 30 
minutes. The mixture was poured into ice-water (30 ml) and extracted with ethyl acetate (12 ml 3). The 
organic layer was washed with brine (18 ml « 2). dried over magnesium sulfate and concentrated under 
reduced pressure to give * syrup. The syrup was subjected to a column chromatography on s.l.ca gel (50 
g) and eluted with a mixture of methanol and dichloromethane (5:95 v/v) to give (2S.4S)-4-acetylth.o-i- 
allyloxycarbonyl-2-t(2-ureidoethyl)oxymethyl]pyrrolidine (0.76 g). 
IR (neat) : 3500-3100. 1710 - 1650 cm ' 
NMR (CDCIj. «) : 2.94 (3H. s) 
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Preparation 18 

To a solution of (2S.4S)-4-acetylthio-i-allyloxycarbonyl-2-[(2-ureidoethyl)oxymethyl]pyrrolidine (8.20 g) 
in methanol (82 ml) was added sodium methoxide (28% solution in methanol) (5.7 ml) at -10 - 0*C in a 
nitrogen stream and the mixture was stirred at the same condition for 1 hour. To the mixture was added 
glacial acetic acid (1.9 ml) at -10 - 0°C. The mixture was concentrated under reduced pressure to give a 
residue. The residue was dissolved in ethyl acetate (100 ml). The solution was washed with water (100 ml), 
dried over magnesium sulfate, and concentrated under reduced pressure to give a syrup. The syrup was 
subjected to a column chromatography on silica gel (75 g) and eluted with a mixture of methanol and 
chloroform (2:98 V/V) to give (2S.4S)-i-allyloxycarbonyl-4-mercapto-2-[(2-ureidoethyl)oxymethyl]pyrrohdm 

(6.89 g). 

IR Neat : 3500-3200, 1710-1640 cm 1 



is Preparation 19 

To a solution of (2S.4R)-i-benzyloxycarbonyl-2-carboxy-4-hydroxy pyrrolidine (50 g) and triethylamine 
(63.1 ml) in tetrahydrofuran (250 ml) was dropwise added methanesulfonyi chloride (35.0 ml) with stirring at 
-5 - 0 a C for 2 hours. After stirring for 1 hour, the mixture was poured into ice-water (500 ml) and the 
20 solution was adjusted to pH 2 with concentrated hydrochloric acid. The mixture was extracted with ethyl 
acetate (250 ml). The organic layer was washed in turn with 1N hydrochloric acid (250 ml x 2) and brine 
(250 ml), dried over magnesium sulfate, and evaporated under reduced pressure to give (2S,4R)-1- 
benzyloxycarbonyl-2-carboxy-4-methanesulfonyloxypyrrolidine (66.21 g). 
IR (Neat) : 1720-1680 cm 1 
25 NMR (CDCb. 6) : 3.01 <3Ks), 5.16 <2H.s). 7.36 (SH.s) 

Preparation 20 

30 To a suspension of sodium borohydride (10.7 g) In tetrahydroluran (600 ml) was added boron trlfluoride 
etherate (43.4 ml) with stirring at 0-10'C. After stirring for 30 minutes, a solution of (2S.4R)-1- 
ben2yloxycarbonyl-2-carboxy-4-methanesulfonyloxypyrrolidine (66.2 g) in tetrahydrofuran (80 ml) was added 
to the mixture at 0-1 0'C. The mixture was stirred at the same condition for 2 hours. Glacial acetic acid (20 
mt) was added to the mixture at 0-5 'C. The reaction mixture was stirred at ambient temperature overnight. 

3S poured into ice-water (1 I), extracted with ethyl acetate (400 ml). The organic layer was washed with brine 
(400 ml), dried over magnesium sulfate and evaporated under reduced pressure to give (2S.4R)-i- 
benzyloxycarbonyl-2-hydroxymethyl-4-methanesulfonyloxypyrrolidine (56.90 g). 
mp : 58-59'C 

IR (Nujol) : 3400. 1700-1675 cm 1 
40 NMR (CDCb, 5) : 2.99 (3H. s). 5.16 (2H. s). 7.35 (5H. s) 
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Preparation 21 

A 1.6M solution (4.2 ml) of butyllithium in hexane was added to a solution of (2S.4R)-1- 
ben2yloxycarbonyl-2-hydroxymethyl-4-methanesulfonytoxy pyrrolidine (2.00 g) at -30 - 20'C with stirring in a 
stream of nitrogen and the mixture was stirred at the same temperature for 30 minutes. Ethyl bromoacetate 
(2.4 ml) was added to the mixture at -30 - -20*C and the solution was stirred at 10-15°C for 3 hours. The 
solution was poured into 0.1 N hydrochloric acid (50 ml) extracted with ethyl acetate (50 ml), dried over 
magnesium sulfate and concentrated under reduced pressure to give a syrup. The syrup was subjected to a 
column chromatography on silica gel (20 g) and eluted with chloroform to give (2S.4RM- 
benzyloxycarbonyl-2-(ethoxycarbonylmethyl)oxy-methyl-4-methanesulfonyloxypyrrolidine (1 .87 g). 

IR (CHCb) : 1740. 1700 cm 1 

NMR (CDCb. 5) : 1.25 (3H. t. J = 7Hz). 2.98 (3H. s). 3.84 (2H. s). 4.18 (2H, q, J = 7Hz). 5.13 (2H. s), 5.30 
(1H, m). 7.32 (5H. s) 
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Preparation 22 

(2S.4R)- 1 -Benzyloxycarbonyl-2-(ethoxycarbonylmethyl)oxymethyl-4-m (1 .44 

g) was dissolved in a 10% solution (30 ml). of ammonia in methanol and the solution was stirred at 25-30°C 
for 12 hours. The solution was concentrated under reduced pressure to give (2S.4R)-1 -benzyloxycarbonyl-2- 
(carbamoylmethyl)oxymethyl-4-methanesulfonyloxypyrrolidine (1 .28 g). 
tR (CHCb) : 171.0-1660 cm 1 

NMR (COClj. 6) : 3.0 (3H. s). 3.83 (2H. s). 5.16 (2H. s), 7.36 (5H. s) 
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Preparation 23 

A solution of (6S.8R)-8-t-butyldimethytsilyloxy-2-oxo-1-a2a-4.oxabicyc!o[4.3.0]nonane (20.0 g) in 6N 
hydrochloric acid (200 ml) was heated for 3 hours under reflux. After cooling, the solution was wash d with 
ethyl acetate (100 ml) and concentrated under reduced pressure to give <2S.4R)-2- 
carboxymethyloxymethyl-4-hydroxypyrrolidine. The compound obtained above was dissolved in a mixture 
of tetrahydrofuran (100 ml) and water (100 ml). To the solution was dropwise added a solution of 
benzyloxycarbonyl chloride (11.55 ml) in tetrahydrofuran (20 ml) under ice-cooling with stirring, keeping the 
pH between 8-9 with 4N aqueous sodium hydroxide. The mixture was stirred at the same condition for 1 
hour and washed with ethyl acetate (100 ml * 2). The aqueous solution was adjusted to pH 2 with 6N 
hydrochloric acid and ethyl acetate (150 ml) was added thereto. The organic layer was separated, washed 
with brine, dried over magnesium sulfate and concentrated under reduced pressure to give (2S.4R)-1- 
ben2yloxycarbonyl-2-carboxymethyloxymethyl-4-hydroxypyrrolidine (19.95 g), 
IR (CHCb) : 3450-3050, 1750-1660 cm 1 

NMR (CDCI3, 5) : 1.8-2.3 (2H. m), 3.4-3.9 <4K m). 3.9-4.3 <3H. m). 4.3-4.6 (1H. m). 5.13 (2H. s). 7.34 <5H. 

s) 

Preparation 24 

A solution of methanesulfonyl chloride (10 ml) In tetrahydrofuran (20 ml) was dropwise added to a 
solution of (2S,4R)-l.ben2yloxycarbonyl-2-carboxymethyloxymethyl-4-hydroxypyrrolldine (19.95 g) and 
triethylamlne (27 ml) In tetrahydrofuran (200 ml) at -10 - -5«C and the mixture was stirred at the same 
temperature for 1 hour. The mixture was poured into water (200 ml), adiusted to pH 2.5 with 6N 
hydrochloric acid and extracted with ethyl acetate (150 ml * 2). The organic layer was washed with brine 
(200 ml * 2). dried over magnesium sulfate and concentrated under reduced pressure to give (2S.4R)-1- 
benzyloxyc»rbonyl-2-cart)OxymethyloxymethyM-methanesulfonyloxypyrroUdine (24.85 g). 

IR (Neat) : 3500-3100, 1755-1650 cm 1 
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Preparation 25 

To a solution of (2S.4R)-1-ben2yloxycarbonyl-2-carboxymethyloxymethyl-4-methanesulfonyloxypyr- 
rolidine (3.80 g) in benzene (19 ml) was added thionyl chloride (0.90 ml) with stirring at ambient 
temperature and the mixture was stirred at the same temperature for one hour. To the mixture were added 
urea (1.80 g) and concentrated sulfuric acid (0.05 ml) successively. The mixture was heated under reflux for 
5 hours. The reaction mixture was poured into ice-water (100 ml) and extracted with ethyl acetate (100 ml). 
The organic layer was dried over magnesium sulfate and concentrated under reduced pressure to give a 
syrup The syrup was subjected to a column chromatography on silica gel (100 g) and eluted with a mixture 
of methanol and chloroform (1:99 V/V) to give (2S.4R)-l-ben2yloxycarbonyl-4-methanesulfonyloxy-2-[- 
(ureidocarbonylmethyl)oxymethyl]pyrrolidine (1.85 g). 

mp : 120-122°C 

IR (KBr) : 3500-3100. 1725-1685 cm 1 

NMR (CDCb. «) : 3.00 <3K s). 4.04 (2H. s). 5.17 (2H. s). 5.95 (1K br s). 7.38 (5H. s). 8.03 <1H, br s). 8.85 
(1H. br s) 

El MS : 429 (M ). 298. 254 
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Preparation 26 

To a suspension of sodium borohydride (0.1 g) in tetrahydrofuran (10 ml) was .added boron triflu ride 
etherate (0 3 ml) with stirring at 0-1 0'C. After 30 minutes! a solution of (2S.4R)-l.ben Zy loxycart>onyl-4- 
methanesul'fonylo X y-2-l(ureidocarbon y lmeth y i)ox y methyl]pyrrolidine (0.63 g) in tetrahydrofuran (5 ml) was 
added to the mixture at 0-10'C. The mixture was stirred at the same condition for 2 hours and at ambien 
emperLre °£ 15 hours. Methanol (5 ml, was added to the mixture a. 0-10'C. The 

ambient temperature for 3 hours and concentrated under reduced pressure tog.ve a syru '.^Zn i IS 
subjected to a column chromatography on silica ge. (25 g) and eluted with a m.xt ure o ™than I and 
chloroform (2:98 V/V) to give (2S.4R)-l-ben Zy iox y carbon y l-4.methanesulfon y lox y -2-[(2-ur .do thyl)- 

oxymethyl]pyrrolidine (0.24 g). 
IR (Neat) : 1710-1655 cm ' 

NMR (COCIj. t) : 3.03 (3H. s). 5.16 (2H. S). 7.37 (5H. s) 



Preparation 27 

To a solution of (2S.4R)-i-t.butox y carbon y i-4-hydrox y -2-methox y carbon y lp y rrolidine (20.0 g) and t- 
butyldimethylsilyl chloride (18.44 g) in dimethylformamide (60 ml) was added imidazole (11.1 g) under ice- 
cooling, and the mixture was stirred at 0-10'C for 1 hour and then at ambient temper at ure for 18 hours. Th 
reaction mixture was poured into water (300 ml) and extracted with ethyl acetate (100 ml 3). The 
cSTe ToTganic layers washed with water (200 ml * 2) and brine (ISO ml) successwe.y. dried over 
magnesium sulfate, and concentrated under reduced pressure to give a syrup. The syrup was sub ected to 
HEn chromatography on silica gel (250 g) to give ( 2 S.4n H -t-bu«oxycarbony.-4-t.buty.d.methy.s 1 ly.ox y - 
2-methoxycarbonylpyrrolidine (27.95 g). 

IR (Neat) : 1750. 1705 cm ' 

NMR (COCb. «) : 0.06 (6H. s). 0.89 (9H. s). 1.42 (9H. s). 3.73 (3H. s) 



Preparation 28 

To a suspension of lithium aluminum hydride (1.2 g) In tetrahydrofuran (150 ml) was dropwlse added a 
solution of (2S.4R)-lM-butoxycarbony|.4-t-butyldlmethylsilyloxy.2-methoxycarbonylpyrrolid.ne (15.0 g) in 
tetrahydrofuran (30 ml) at 0-5«C and the mixture was stirred at the same temperature or 2 hours. To the 
m xture was dropwise added a solution of water (2 ml) in tetrahydrofuran (5 ml) at 0-5'C and the mixture 
SZZS at Ambient temperature for 2 hours. An inso.ub.e materia, was filtered off and the flHrate was 
^c^ed under reduced pressure to give a syrup. The syrup was ^*^*^^^ 
raphy on silica gel (ISO g) and eluted with a mixture of methanol and d'C"lorome,ha ne (1 . 99 V /V) to give 
(2S.4R)-1-t-butoxycarbonyl-4-t-but y idimethylsilylOxy2-hydroxymethylpyrrolidine (1 2.01 g). 

IR (Neat) : 3400. 1700-1670 cm 1 

NMR (COCb. i) : 0.07 (6H. s). 0.88 (9H. s). 1.51 (9H. s) 



Preparation 29 

A mixture of (2S.4R)-4-t-butyldimethylsilyloxy-2-hydroxymethyl-l -(4-nitrobenzyloxycarbonyl)pyrrolidine - 
.10 0 S methanol (100 ml) and 10% palladium on carbon (1.0 g). was stirred in a n.trogen stream at 
SbieS I'Z^Zrl Z 3 hours. The catalyst was filtered of. and the filtrate was concentrated under 
^uwd Pressure to give ( 2S.4R)-4.t-buty.dimethy.si.y.ox y -2-h y drox y methylpyrro..dm. To a solution of he 
cTmSunrobtained above in tetrahydrofuran (100 ml) was added di-t-buty. dicarbonate (5.60 g) and he 
miXe was Suxed for 30 minutes. The reaction mixture was concentrated under reduced pressure jj owe 
a syrup The syrup was subjected to a column chromatography on s.l.ca gel (160 g) and J"*^ ™ h 
ch.oroforrr ™ g*e (2S.4R)-1-t-butoxycarbony.-4-»-buty.dimethy.si.y.ox y -2.hydroxymethy. P yrro..d I ne (7.97 g). 

IR (Neat) : 3400. 1700-1670 cm ' 

NMR (CDCIj. «) 0.07 (6H. s). 0.88 (9H. s). 1.51 (9H. s). 
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Preparation 30 

(2S4R)-l-Benzyloxyc a rbonyl-4-t-butyldimethylsilyloxy-2-methoxycarbonylpyrroHcJine (135.07 'g) was ^ob- 
tained bv reacting (2S 4R)-l-ben2ylo X ycarbonyl-4-hydroxy-2-methoxycart)onylpyrrol.d.ne (89.70 g) w.th t- 
bX.2iXS7ch'oride ; 7 2.60 gland imidazole (43.73 g, successively in substantial* «he same manner 
as that of Preparation 1 . 

NMr'SdcI 7 !?': OM Z 0.08 (6H. each s). 0.87 and 0.91 (9H. each s). 3.55 and 3.77 <3H. each s). 5.18 
(2H. S). 7.35 (SH, s) 



10 



Preparation 31 

(2S 4R)-i-Ben 2 yloxycarbonyl-4-t-butyldimethylsilyloxy-2-hydroxymethylpyrrolidine (107.83 g) was ob- 
,s tained C eSg (2S.4RH-benzy.oxycarbony.-4-.-butyldime.hyl sily.oxy-2-methoxycarbony pyrrohd.ne 
(1 35.07 g) wUh sodium borohydride (24.30 g, in substantial.y the same manner as that of Preparat.on 2. 
IR (Neat) : 3400. 1705-1680 cm 1 

NMR (COCh. 5) : 0.13 (6H. s). 0.95 <9K s). 5.25 <2H. s). 7.45 (5H. s) 
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Preparation 32-1) 

a «m.,tion of f2S 4RM-t-butoxycartx^^ (6.30 g) in 

ZSZ "chromatography on silica ge. (ISO g, and e.uted w.th a , ^J^^^^^^^ZSi 
V/V) and then with dich.oromethane to give a des.red compound as (2 f^>-.I° lfl a 
the svrup was added sodium methoxlde (28% solution In methanol) (0.6 ml) at -10 0 C »««««flj" 
rtrea^ and "e mixture was stirred at the same temperature lor 1 hour. To the m.xture was added glacial 
stream ana we concentrated under reduced pressure to give a residue. A 

nJSTco'cI 7 !?; SS(Th. m,. 0.88 ( 9H. m). 1.45 (9H. m). 3.73 (3H. s, 4,0 (2H. s). 
El MS : 402. 3S8 



40 



4S 



SO 



Preparation 32-2) 

To a solution of (2S.4R)-i-t-butox y carbonyl-4-t.butyldimeth y isilyloxy-2-hydroxymethylpyrrolidine (1.00 
Q ) in tetrah^orofuraS (20 ml) was dropwise added a 1.6 M solution of buty.lithium ,n hexane (2 ml) at -40 - - 
In c Ta nitrogen stream and the mixture was stirred at the same temperature for 30 m.nutes^ To the 
? ea «ion milTwas added ethyl bromoacetate (0.40 ml) at -40 - -30-C and the reaction 
s^d atT- 30-C ,or 30 minutes and then at ambient temperature for 3 hours. ™° ™^"™ s 
fnTa m xu»e of water (50 ml, and ethyl acetate (50 ml). The organic layer was ^ 
dried over magnesium sulfate and concentrated under reduced pressure to g.ve a »V~P- J^ e ^ ' ^ 
?£JZ to a column chromatography on silica ge. (20 g) and e.uted w.th ehk^ «>8M C2S.4B) i t 

' N MfT (COCb.^6) To*7e». s, 0.83 (9H. s, 1.23 (3H. t. , = 7Hz, 1.42 (9H. s). 4.01 (2H. s, 4,6 (2H. q . 
J = 7Hz) 
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Preparation 32*3) 

A mixture of (2S 4RH-t-butyldimethylsilyloxy-iM-butoxycarbonyl-2-(hydroxymethyl)pyrrolidin (0.62 g). 
2-bromoacetic acid (0.26 g). 85% potassium hydroxide (0.^7 g). and potassium iodide (0.93 g) in t-butyl 
alcohol (12 ml) was heated at 50'C for 3 hours. The mixture was poured into water (100 ml), adjusted to pH 
4 with 1N hydrochloric acid and saturated with sodium chloride. The aqueous mixture was extracted with 
three 50 ml portions of ethyl acetate. The organic layer was washed with brine, dried over magn s.um 
sulfate and evaporated. The residue was chromatographed on silica gel (30 g ) eluting with a mixture of 
methanol and dichloromethane (1:9 V/V) to give (2S.4R ) .l-t.butoxycarbon y l-4-t-butyldimethyls.lyloxy.2- 
(carboxymethyloxymethyl)pyrrolidine (0.57 g). 
IR (Neat) : 3650-2300, 1700-1650 cm 1 

NMR (CDCb. «> : 0.02 (6H. s) 0.83 (9H. s). 1.09-2.13 (2H. m). 1.42 (9H. s). 3.13-3.68 <4H. m). 4.03 <2H. 
S), 4.07-4.43 <1H. m), 5.01 (IH. br s) 
MS : 388 (M -1) 

Preparation 32-4) 

(2S 4R)-i.Ben2yloxycarbonyl-4-t-butyidimethylsilyloxy-2-(ethoxycarbonylmethyloxymethyl)pyrrolidine 
(0 46 g) was obtained by reacting (2S,4R)-l-ben2yloxycarbonyl-4-t-butyldimethylsilyloxy-2-hydroxymethyl- 
pyrrolidine (2.00 g) with a 1.6 M solution of butyllithium in hexane (3.76 ml) and ethyl bromoacetate (0.72 
ml) successively in substantially the same manner as that of Preparation 32-2). 

NMR (CDCb. 5) : 0.08 <6H, s). 0.88 (9H. s). 1.28 <3H. t. J=7.5Hz). 4.06 (2H. s). 4.23 (2H. q. J = 7.5Hz). 
5.18 (2H. s). 7.38 <5H, s) 

Preparation 33- U 

A solution of (2S.4RH -t-butoxycarbonyM-t-butyl dimethylsllyloxy-2- 

(methoxycarbonylmethyloxymethyl)pyrrolidine (0.75 g) in methanol (21 ml) was saturated with ammonia at 
ambient temperature and the solution was stirred at the same temperature for 5 hours. The mixture was 
concentrated under reduced pressure to give a syrup. The syrup was » u «^ * • ~ ,um " c ^* t fT 
raphy on silica gel (15 g) and eluted with a mixture of methanol and chloroform (1:99 V/V) to give <2S.4R)-1- 
t-butoxycart>onyl-4-t-butyldimethylsllyloxy-2-(carbamoylmethyloxymethyl)pyrrolldine (0.61 g). 

as IR (Neat) : 3500-3150. 1705-1675 cm 1 

NMR (CDCh, *) : 0.07 (6H, s). 0.88 <9H. s), 1.45 (9H. s). 3.95 (2H. s) 
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Preparation 33-2) 

40 (2 S4R)-Vt*Butoxycartx)nyM-t-butyldimethylsilyloxy.2-(carbamoylmethyloxymethyl)pyrro Is ob- 

tained by reacting (2S.4R>-1 .t-butoxycarbonyl-4-t.butyldimethylsilyloxy-2-(ethoxycarbonylmethyloxymethyl)- 
pyrrolidine with ammonia in substantially the same manner as that of Preparation 33-1). 
IR (Neat) : 3500-3150. 1705-1675 cm 1 



45 



Preparation 33-3) 



(2S4R>-1-t-Butoxycarbonyl-4-t-butyldimethylsilyloxy-2-(carbamoylmethyloxymethyl)pyrrohdine is ob- 
so tained ' by reacting (2S.4R)-i-t-butoxycarbonyl-4-t.butytdimethylsilyloxy-2-(carboxymethyloxym thyl)- 
pyrrolidinawith ammonia in substantially the same manner as that of Preparation 33-1). 
IR (Neat) : 3500-3150. 1705-1675 cm 1 
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Preparation 33-4) 

(2S.4R)-lM-ButoxycartX)nyl-4-butyldimethylsilyloxy-2-(carbamoylmethyloxym thyl)pyrrolidine is obtain d 
by recting (2S.4R)-l-benzyloxycarbonyl-4-t-butyldimethylsilyloxy-2-(ethoxycarbonylmethyloxymethyl^ 
pyrrolidine in substantially the same manners as those of Preparations 29 and 33-1). 
IR (Neat) : 3500-3150, 1705-1675 cm 1 



Preparation 34 

A solution of (2S,4R)-l-t-butoxycarbonyl-4-t-butyldimethylsilyloxy-2-<carbamoylmethyloxymethyl>- 
pyrrolidine (0.60 g) in a mixture of trifluoroacetic acid (3 ml) and anisole (0.6 ml) was stirred at ambient 
temperature for 1 hour. The mixture was concentrated under reduced pressure to give (2S,4R)-2- 
(carbamoylmethyloxymethyl)-4.hydroxypyrrolidine. To a solution of the compound obtained above in a 
mixture of water (20 ml) and tetrahydrofuran (20ml) was dropwise added a solution of 4-n.trobenzyloxycar- 
bonyl chloride (0.50 g) in tetrahydrofuran (5 ml) under ice-cooling with stirring, keeping the pH between 8.5- 
9 5 with 1N aqueous sodium hydroxide. The mixture was stirred at the same condition for 1 hour and 
extracted with ethyl acetate (50 ml). The organic layer was dried over magnesium sulfate and evaporated 
under reduced pressure to give a syrup. The syrup was subjected to a column chromatography on silica gel 
(20 g) and eluted with a mixture of methanol and chloroform (1:99 and then 2:98 V7V) to g.ve (2S,4R)-2- 
(carbamoylmethyloxymethylM-hydroxy-1 -<4-nitrobenzyloxycarbonyl)pyrrolidine (0.32 g). 

IR (CHCb) : 3500-3300. 1710-1670 cm 1 



Preparation 35 

• <2S 4R)-2-Carbamoy Imethyloxymethy M-methanesulfonyloxy- 1 -(4-nitrobenzy loxycarbonyl)py rrolidine is 
obtained by reacting (2S,4R)-2-(carbamoylmethyloxymethylH-hydroxy-1.(4-nitroben 2 yloxycarbonyl)- 
pyrrolidine with methanesuifonyl chloride in substantially the same manner as that of Preparation 19. 
IR (Neat) : 1720-1680 cm « 



Preparation 36 

(2S4R>-1-(2-Bromo-2-methylpropionyl)-4-t-butyldimethylsilyloxy.2-(hydroxymethyl)pyrrolidine (3.70 g) 
was obtained by reacting (2S.4R)-4-t.butyldimethylsilyloxy.2-(hydroxymethyl)pyrrolidine (3.00 g) with 2- 
bromo-2-methylpropionyl bromide (1.95 g) in substantially the same manner as that of Preparat.on 3. 

mp : 77-80 *C 

IR (Nujol) : 1620 cm 1 

NMR (CDCh, «) : 0.10 <6H. s). 0.90.(9H. s) 2.00 <6H. s) 



Preparation 3 7 

(6S8R)-8-l-butyldimethylsilyloxy-3.3-dimethyl-2-oxo-l-a2a-4-oxabicyclo(4.3 (118 g) was ob- 

tained ' by reacting (2S.4R)-1 -(2-bromo-2-methylpropionyl)-4-t-butyldimethylsilyloxy-2-(hydroxymethyl)- 
pyrrolidine (3.70 g) with sodium hydride (62.8% in oil suspension) (0.45 g) in substantial^ the sam mann r 
as that of Preparation 4. 

mp : 40-45 °C 

IR (Nujol) : 1740 cm 1 

NMR (CDCb, 6) : 0.02 (6H. s). 0.85 (9H. s), 1.37 <3H. s). 1.43 <3H, s) 



Preparation 38 

(2S4R)-2-(1-Carboxy-l-methylethynoxymethyl-4.hydroxy-1-(4-nitroben2yloxycarbonyl)pyrrolidine (0.85 
g) was obtain d by reacting (6S.8R)-8-t-butyld.meth y lsilyloxy-3.3-dimethyl-2-oxo-i-a^a-4-oxabicyclo(4.3.0]. 
nonan (1.15 g) with hydrochloric acid and 4-nitrobenzyloxycarbonyl chloride successiv ly .n substantially 
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the same mann rs as those of Preparations 5 and 6. 
IR (Neat) : 1 71 0-1675 cm 1 

NMR (CDCb. i) : 1.39 (3H, s). 1.41 <3K s). 1.95-2.22 (2H. m). 5.23 (2H. m). 7.48 .(2 H. d. J = 8.5Hz). 8.19 
(2H. d. J = 8.5Hz) 



Preparation 39 

A solution of methanesulfonyl chloride (0.4 ml) in tetrahydrofuran (2 ml) was dropwis added to a 
solution of <2S.4R>-2-<l^arboxy-l-methylethyl^ 

(0 84 g) and triethylamine (1 ml) in tetrahydrofuran (8 ml) at -10 - 5'C and the mixture was stirred at the 
same condition for 30 minutes. The mixture was dropwise added to a 10% solution (20 ml) of ammonia in 
ethanol and the mixture was stirred at the same temperature for 1 hour. The mixture was concentrated 
under reduced pressure to give a residue. The residue was dissolved in ethyl acetate (50 ml), washed with 
water (50 ml) dried over magnesium sulfate and concentrated under reduced pressure to give a syrup. The 
syrup was subjected to a column chromatography on silica gel (20 g) and eluted with a mixture of methanol 
and chloroform (1:99 V/V) to give <2S.4R)-2-<1 -carbamoyl- 1-methylethy l)oxymethyl-4-methanesulfonyloxy-1- 
(4-nitrobenzyloxycarbonyl)pyrrolidine (1.01 g). 
IR (CHCIj) : 1710-1685 cm 1 

NMR (CDCIl 6) : 1.37 (6H. s), 3.05 <3H, s). 5.24 <2K s). 7.51 (2H. d, J = 8.5Hz). 8.23 (2H, d. J = 8.5Hz) 



Preparation 40 

(2S 4R>-2-<1 1 -Oimethy l-2-ureidoethy l)oxymethyl-4-methanesulf onyloxy-1 -<4-nitrobenzyloxycarbonyl)- 
pyrrolidine (3.00 g) was obtained by reacting (2S.4R)-2-(l -carbamoyl- 1-methylethy l)oxymethy M- 
methanesulfonyloxy-1-(4-nitrobenzyloxycarbonyl)pyrroiidine (3.00 g) with a mixture, of sodium borohydride 
(0.66 g) and boron trifluoride etherate (6.25 ml), and then with potassium cyanate (2.65 g) In substantially 
the same manner as that of Preparation 9. 
IR (Neat) : 1710-1660. 1605 cm 1 

NMR (CDCli. I) : 1.08 <3H, s), 1.10 (3H. s). 3.08 <3H. s) 



Preparation 41 

<2S 4S>-4-Acetylthio-2-(l.l-dimethyl-2-u^^ 
(1 42 g) was obtained by reacting (2S.4R>-2-(i.l-dimethyl-2-ureidoethyl)oxymethyl-4-methanesulfonyloxy- 
(4-nitroben2yloxycarbonyl)pyrrolidine (3.00 g) with thioacetic S-acid in substantially the same manner 
that of Prepartlon 10, 

IR (CHCh) : 1710-1670 cm 1 ^ clj 

NMR (COCb. I) : 1.13 (6H. s). 2.35 <3K S). 5.26 (2H. s). 7.55 (2H. d, J«7.5Hz). 8.28 (2H. d. J«7.5Hz) 



Preparation 42 

(2S 4S>-2-<1 1-Dimethyl-2-ureidoethyl)oxymethyl-4-mercapto-i -(4-nitrobenzyloxycarbonyl)pyrrolidine 
(0 94 g) was obtained" by reacting (2S.4S)-4-acetylthio-2-(l .l-dimethyl-2-ureidoethyt)oxym thyM-(4- 
nitrobenzyloxycarbonyDpyrrolidine (1.40 g) with 28% sodium methoxide-methanol solution in substantially 
the same manner as that of Preparation 11. 

IR <CHCb) : 1705-1650 cm 1 

NMR (COCb. 5) : 1.16 (6H, s). 5.20 (2H, s) t 7.48 (2H. d. J = 7.5Hz). 8.10 (2H, d. J = 7.5Hz) 



Preparation 43 

To a solution of ally! (4R)-4-[(2R.3S)-3-{(lRH-t-butyldim^ 
opentanoate (6.52 g) and triethylamine (6.8 ml) in acetonitrile (50 ml) was added a 1M solution (17 ml) of p- 
toluenesulfonyl azide in acetonitrile at 0-5«C and the mixture was stirred at the same temprature for . 
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hours. The mixture was cone ntrated under r duced pr ssure to giv a residue. The residu was triturated 
with hexane. The precipitates were filtered off. The filtrate was concentrat d under reduced pr ssure to give 
a syrup The syrup was subjected to a column chromatography on silica gel (8Q g) and eluted with a 
mixture of ethyl acetate and hexane (1:9 V/V) to give ally! (4R)-2-diazo-4-{(2R.3S>-3-{(lR>-l-t- 
butyldimetylsilyloxyethyl}-4-oxoazetidin-2-yI]-3-oxopentanoate (3.78 g). 

IR (Neat) : 3450-3200, 2150, 1760. 1720. 1650 cm 1 

NMR (CDCb. 5) : 0.07 (6H,s). 0.87 <9H.s) 



Example 1 



'5& 



20 



HO 



COOPNB 



H0 . h n J 




CH 2 CH 2 NHC0NH 2 



PNZ 



COOPNB ~ COOPNB 

(PNB : 4-nitrobenzyl ) 
(PNZ : 4-nitrobenzyloxycarbonyl) 



To a solution of 4-nitroben 2y l (4R)-2-diKO-4.((2R.3S)-3-{(1R)-i-hydroxyethy0-4^xoa2et.dm-2.yl]-3-ox. 
opentanoate (0.72 g) in 1 .2-dichloroethane (15 ml) was added rhodium(ll) acetate (2 mg) under reflux. The 
mixture was refluxed for 30 minutes under nitrogen atmosphere, cooled and then concentrated under 
£dTced pressure to give 4-nitrobenzy. (4R.5R.6SK-l( 1 RH-hydroxyethylH.methy l . ™^]£»***r 
[3.2.01heptane-2-carbox y iate. The compound obtained above was dissolved In acetonltrlle (1 5 ml) and N.N- 
diisopropyl-N-ethylamine (0.39 ml). Diphenyl phosphorochloridate (0.40 ml) was added thereto at -10 - - 
5-C in a nitrogen stream, followed by stirring at -10- - -S'C tor 30 minutes. To the solution w re added 
N N-dilsopropyl-N^thylamine (0.39 ml) and a solution of (2S.4SH-rnercapto.l-(4.nltroben 2 yloxycarbonyl)-2- 
t (2-ureldoethyl)oxymeth y l]pyrrolidine (0.73 g) In acetonltrlle (3 ml) at -20-C successively. The mixture was 
stLd at the same temperature for 30 minutes and then at 0 - 10-C for 3 hours. The mixture w« i poured 
Into ethyl acetate (150 ml) and water (100 ml). The organic layer was dried over magnesium sulfate and 
concentrated under reduced pressure to give a syrup. The syrup was subjected to • column chromatog- 
raphy on silica gel (20 g) eluting with a mixture of acetone and dichloromethane (11 V/V) to g.v 4- 
nXenzyl " (4R.5S.eS>WRH-hydro^ 

ureldwthyl)oxymeth y l}pyrroUdin-4-yl)thio-7-oxo-l-azabicyclot3.2.0)hept-2.ene-2-carbox y late(0.75g). 
IR (CHCb) : 1780-1760. 1710-1650 cm 1 




« HO H H N, 

j_»H 0 
0 



50 



ss 



HO H H 



HO H H 



COO / V" * 





oXV NHCONH 2 



COO^N^ 



COCV coo/V 



To a solution of ally I (4R)-2-dia 2 o-4-{(2R.3S)-3-{(lR)-i-hydroxyeth y l)-4-oxoa 2 etidin-2-ylh3-oxopen- 
tanoate (0.5 g) in dichloromethane (10 ml) was added rhodium(ll) octanoate (13.2 mg) und r reflux. After 
reluxing for 20 minutes, to the solution was added rhodium(.l) octanoate (13.2 mg). Th m.xture was 
refluxed for 40 minutes. The reaction mixture was cool d and vaporated in vacuo to g.ve a res.due. The 

du I^lvd in anhydrous acetonitril (10 ml) and then vaporated. This operauon was repeaurf 
once again and the resulting residue was dried. in vacuo to give ally. (4R.5R.6SV6-((iRH-Mydroxyethy.H- 
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methyl-3.7-dioxo.l.a2 a bicyc.o[3.2.0]heptane-2-cart 3 oxyi a te. Th res.du containing the compound obtaned 
abovi was dissolved in anhydrous acetonitrile (10 ml) and coo.ed to 0-2- C under 
nitrogen To this solution w re added diphenyl phosphorochloridat (0.53 ml), and N.N-d.^opropy^N. 
ehy?amne (0.47 ml, successively and the so.ution was stirred a. 0-2'C for 40 min-jTo 

s solution were added dropwise a solution of (2S.4S)-l-allyloxycarbon y l-4-mercapto-2-t(2^re.doethyl)- 
oxlmemynpy'roSne (O^T) in acetonitri.e (10 ml) and N.N-diisopropy.-N-ethy.amine (0.38 m.) suc^s- 
3v wim st °ng at 2-5'C and the stirring was continued at the same temperature (or 2 hours. To a 
SormXe was added ethy. acetate (30 ml) and water (10 ml) with stirring and the organic layer was 
seated ThTstayer was washed with saturated aqueous sodium chloride solution (30 ml 2) dried over 

,o magnestn suLe" and evaporated in vacuo. The residue was f"*"-?"^ 

with a mixture of chloroform and methanol (9:t V/V). The fract.ons containing the desired compc^nd we ° 

coTecte^ td evaporated in vacuo to give al.yl (4R.5S.6S)-3-[(2S. 4SH '^^^ 
o^methy.}pyrroHoVn^.y.)thio-6-t(iR)-t-hydroxyethy;h4-methy.-7^xo.l-a 2 ab 1 cycloI3.2.0]hept-2^ne-2- 

carboxylate (160 mg). 

4.83 (4H, m), 5.10-5.80 <4H. m). 5.70-6.20 <2H. m) 



Example 3 




30 



35 



AIM (4R.5S.eSh3-t<2S.4SH-allyloxycarrwnyl-2-{<2-ureld^ 
t buWWlmemvrsTwioxye hylH-methyl-7s)xo-i.«abicyclo(3.2.0]hept-2-ene-2-carDOxylate (0.94 g) was ob- 

oxopenunoaw (V05 g wMh rhodium(ll) octanoate (20 mg). and then successively w h diphenyl 
phoXoSoridafe (2.58 ml) and ^S^SH-allyloxycarbonyM-mercapto-^K^ure.doethyDoxymethy.]- 
pyrrolldine (1.0 g) in substantially the same manner as that of Example 1. 

IR (CHCIj) : 1770. 1710-1650 cm 1 

NMR (COCIj. «) : 0.07 (6H.S). 0.87 (9H.s) 



40 



45 



SO 



SS 




HO H H 




- NHC0MH. 



PNZ 



C00PNB 

To a sotution of 4-nitrobenzy. <2R.5R.6S)-6-[<lRH-hydroxyethy.l-3.7^o X oJ-a^ 
2-cJb^ySe (0.50 g) in acetonitri.e (10 ml) were added diphenyl phosphoroch.ondate (0.32 !ml .and 

mi nutes under an atmosp^ 

Z SL (0.50 g n n acetoniSeO ml, at -5 - 0-C The mixture was stirred 

XminuteYand .'hen at ambient temperature tor : 2 hours. The m xture w - P^^^SX^SS over 



3 0 1 
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from ethyl acetate to give 4-nitrobenzyl <5R.6S)-6-{<1 R>-1 -hydroxy thylh3-{(2S,4S)-l-{4-nitrobenzytoxycar- 
bonyl>-2-{(2-ureicIoethyl>oxymethyl} pyrrolidin^-y!)mio-7^xo-l-azabicyclot3.2.0]hept-2^n©-2-<»rt>oxylate 

(0.51 g). 

mp : 135*C (dec.) 

IR (Nujol) : 1770. 1610-1585 cm 1 

NMR (COClrDMSO-ds. 5) : 1.27 (3H. d. J = 7.5Hz) 



Example 5 




20 



25 



4-Nitrobenzyl (4R.5S.6S)-3-[(2S.4S}-2-(1,1^imethyl-2^^ 
bonyl)pyrrolidin-4-yl]thic^-[(lR)-1-h^^ 

(0 58 g) was obtained by reacting 4-nitrobenzyl (4R).2Klia20-4-[(2R.3S)-3-{(1R>-1-hydroxyethyl}-4- 
oxoazetidin-2-yl>3-oxopentanoate (0.95 g) with (2S.4S>-2-(i.i-dimethyl-2-ureidoethyl)oxymethyl-4-mercapto- 
1-<4-nitrobenzyloxycarbonyl)pyrrolidine (0.93 g) in substantially, the same manner as that of Example 1. 

IR (Neat) : T760, 1710-1650 cm 1 

NMR (CDCh. *\ : 1.1-1.4 (12H. m) 



30 



Example 6 



+S10 



35 



40 



45 



SO 



H H 




COO^V 



q/v nhconh 2 



cotyv 




NHC0NH 



To a solution of allyl (4R t 5S.6S>-3-[(2S,4S)-l-allyloxycarbonyl-2-{(2-ureidoethyl)oxymethyl}pyrrohd.n.4- 
yl]thio-6-f(l RH -t-buty ldimethylsilyloxyethylM-methyl-7-oxo-l -azablcyclo(3.2.0]hept-2-ene-2-carboxyjate 
(0 46 g) in tetrahydrofuran (10 ml) were added dropwise acetic acid (0.5 ml) and a 1.1 M solution (3.2 ml) ot 
tetrabutylammonium fluoride In tetrahydrofuran at ambient temperature. The mixture was stirred at the same 
temperature for 26 nours. To the mixture was added ethyl acetate (100 ml) and water (100 ml). The 
aqueous layer was adjusted to pH 7 with saturated aqueous sodium hydrogen carbonate. Th organic layer 
was washed with brine, dried over magnesium sulfate and concentrated under reduced pressure to gtv £ 
syrup. The syrup was subjected to a column chromatography on silica gel (10 g) and eluted with a mixture 
of acetone and dichloromethane (2:1 V/V) to give allyl (4R,5S.6S)-3-[<2S.4SH.ally W 
ureidoethyl)oxymethyl}pyrrolidin.4-yl]thio-6-[(l R)-i -hydroxyethylM-™thyl-7-oxo-l -azabicycl [3.2.0]nept-z- 
ene-2-carboxylate (0.17 g). 

IR (Neat) : 1775-1760, 1690-1660 cm 1 
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10 



75 



20 



25 




NHCONH 2 



HO H H 




y^y NHCONH 2 



C0OPNB 



COOH 



A mixture of 4-nitrobenzyt (4R.5S.6S)^[(lR)-i-hydroxyethyI]-4.rnethyl.3-{(2S.4S).1-(4-nitrobenzylox. 
ycarbonyl>-2.{<2njreidoethyl)oxym^^^ 

Lrboxylate (0.75 g). tetrahydrofuran (40 ml), 0.1 M phosphate buffer (pH 6.5) (20 ml) and 20% pallad.um 
hydroxide on carbon (0.20 g) was stirred at ambient temperature for 5 hours under atmosphenc pressure of 
hydrogen The catalyst was removed by filtration and the filtrate was concentrated under reduced pressure 
to remove tetrahydrofuran. The residual solution was washed with ethyl acetate (40 ml * 2) and the organc 
solvent was removed by evaporation. The residual solution was subjected to a column c nr omatography on 
nonionic adsorption resin "Diaion HP-20" (40 ml) eluting with a mixture of acetone and water (5:95 V/V) - and 
lyophiHzed to give (4R.SS,6S)-6-[(IRM-hydroxyethylH.methyl-7K>xo-3-[(2S,4Sh2-{(2.uretdoethyl). 
oxymethyl}pyrrolidin-4-yl}thio-Va2abicyclo(3.2.0]hept-2-ene-2^arboxylic acid (0.20 g). 

mp : 150 # C (dec.) 

IR (KBr) : 1750. 166O1550 cm ' 

NMR (DjO, 5) : 1 .1 8 <3H, d. J * 7Hz), 1 .26 (3H, d. J « 7Hz) 
SI Mass : 429 (M ♦ 1). 369 
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Example 8 




NHC0WU 




NHC0NH- 



To a solution of allyl (4R.5S.6Sh3-[(2S,4S)-l-allyloxycarbonyl-2-{(2-ureldoethyl)oxymethyl}pyrrol.d.n : 4- 
yl)thlo-6-{<1 R)-1.hydroxyethylh4.methyl-7^xo-1-azabicyclo{3.2.0]hept-2^ne-2^arboxylate (1.73 g) In a mix- 
ture of tetrahydrofuran (34 ml) and water (11 ml) were added trtphenylphosphine (0.41 g). d.medone (1.32 
g) and tetrakis(triphenylphosphine) P alladtum(0) (0.18 g) successively with stirring at ^b.ent l^ratuj 
ihe mixture was stirred at the same temperature for 3 hours. To the solut.on were added ethy I ace tate (50 
ml) and water (30 ml). The aqueous layer was separated and washed 3 times w,th ethyl acetate (M ml). 
This aqueous layer was concentrated in vacuo to remove the organic solvent. The residue. was <^™*r 
raphi on activated charcoal (made by Wako Pure Chemical Industries) (30 ml) elut.ng in ^ ™* 
(90 ml) and 15% aqueous isopropyl alcohol (200 ml). The fractions conta.n.ng the ^^f^^^ 
collected and lyophilized to give (4R.5S. 6SW<1 RM*y*oxye^^ 
ureidoethy()oxymemyl}pyrrolidin^-yl]th^ ac,d (0 ' 73 9) * 

^^compo^ crystallized from a mixture of ethanol (12.31 ml) and water (1.03 ml) to 

give colorless crystals of prism (368 mg). 

TmR ^o'mITU. *) : 1-23 (3H. d. J = 7.9Hz>. 1.30 (3H. d. J = 6.6Hz>. 1.81 (1H. ddd J=5.9Hz. 
J-UH* J = 14.2Hz). 2.70 (1H. ddd. J = 8.2Hz. J = 8.2Hz. J = 14.2Hz>. 3.32-3 .34 ' W •">• ; \f £ 
J-2.6H2. J = 5.9Hz>. 3.85 (1H. dd. J = 3.6Hz. J = 11.2Hz). 3.93-4.08 (2H. m). 4.24 (1H. dd. J-3-OHz. 
J = 8.9Hz). 4.27 (1 H. q. J = 4.3Hz) 
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Example 9 



HOH H 



o 

cocrV 



NHCONH- 




^ /S/ NHC0NH 2 



(4R.5S.6S)-6~[(lRH-Hydroxyethyl]-4-methy^ 
yl]thio-l-a2abicyclo[3^.0]hept-2-ene-2-carboxyIic acid (249 mg) was obtained by deprotecting allyl 
(4R 5S 6Sh3-[(2S.4SH-aHyloxycarbonyl-2-{(2-ureidoe 

hydroxyethylh4-methyl-7-oxc>-l-a2abicyclo[3.2.0]hept-2-ene-2-carboxylate (500 mg) with triphenytphosphine 
(24 mg), tetrakis(triphenyiphosphino)palladium(0) (52 mg) and morpholine (0.24 ml) which was used instead 
of dimedone. at 2-5 *C in substantially the same manner as that of Example 8. 
IR (KBr) : 1750. 1660-1550 cm ' 

Example 10 




NHC0NH. 



cockV 




^ NHC0NH 2 



C00H 



(4R 5S,6S>-6-{(1 R)-1 -HydroxyethylH-methyl-7-oxo-3-[(2S.4S>-2-{(2-ureldoethyl)oxymethyl}pyrroHdln-4- 
yllth(o-1-a2abicyclot3.2.0]hept-2-ene-2-carboxylic acid (0.29 g) was obtained by deprotecting aliyl 

(4R 5S 6S>-3-[<2$,4SH-allyloxycarbonyl-2-^ RH " 
hyd^ethylH^ethyl-7-oxo-l-a2abicyclo[3.2.0]hept-2-ene-2^arboxylate (0.50 g) with triphenylphosphlne 
(47 mg). tetrakis<triphenylphosphine)palladium(0) (52 mg). morpholine (0.24 ml) and formic acid (0.10 ml) in 
substantially the same manner as that of Example 8. 
IR (KBr) : 1750. 1660-1550 cm 1 



Example 11 




(5R 6S>-6-{<1 R)M-Hydroxyethylh7^xo-3.[(2S,4S)-2.{(2-ureidoethyl)oxymethyl}pyrrohd«n.4-yllthio-1 - 

a2abicyclo[3.2,0]hept-2-ene-2-carboxylic acid (0.51 g) was obtained by hydrogenating 4-n.trobenzyl (5R.e 
6-[(lR)-l-hydroxyethyl).3-[(2S.4S).1.(4.nitroben2ylOxycarbonyl)-2-{(2-ureidoethyl)oxymethyl}pyrrolidin-4- 

thio-7-oxo-1-a2abicyclo[3.2.0]hept-2-ene-2-carboxylate (0.50 g) in substantially the same manner as tha 

Example 7, 

mp : 150*C (dec.) 

IR (KBr) : 1750, 1660-1540 cm * 

NMR (CDCb. 6) : 1.26 (3H. d. J = 7.5Hz) 
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TO 



15 



Example 12 



ho« h 




CH 2 NHCONH 2 



C00PNB 



HO H H CH 3 

f^ J ; — J^O-|-CH 2 NHCONH 2 

>KJ CH, 
X H 

COOH 




(4R5S6S)-3.[(2S4S)-2-{(lJ-Oimethyl-2-ureidoethyl)oxymethyl}py^^ 

hyd oxy^ a * d { ° H 2 \ g) ^T 1 ?!^ - 

drogenating 4.nitrobenzy< {4 R.5S.6S).M^ 
zybxycar^nyl)pyrroUdin^yl]thio-6H(lR)0.hydroxye 

carboxylate (0*21 g) in substantially the same manner as that of Example 7. 
mp : 190*C (dec.) 
IR (KBr) : 1760-1730 cm 1 
NMR (DjO. «) : 1.18-1.22 (12H, m) 
SIMS : 457 
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Example 13 



HO 



H H 




NHCONH 




. NHCONH 2 

/ — \ o 



NH 



COOH 



COOH 



CH. 



To a so.ut.on of <<K.5S.6S)-6-(<lRH-hydroxye,hy.M^^^ 
oxymethy.)pyrro.idin^y.]thlo-1-«zabicyc.o[3.2.0]hept-2^ne-2-carboxyl.c ac.d (0.1 5 g) m water (30 ml) was 
added emiiacettmldate hydrochloride (1.65 g) by portions at 0-5'C. keeping the pH between 8.4-8.6 with 
S% Muwurpotass«um carbonate. After ad|ustlng to pH 6.5 with IN aqueous hydrochloric ac.d We 
^^JSSS^ 5* solution of tetrahydroturan In ethyl acetate (SO ml) by four portions and tne 

■SK SLT r r o r 

y^^lRH-hydroxyethy.M-™^^ acd (0.1 1 g). 

IB (KBr) : 1800-1710 cm ' , 
NMR (DsO. i) 1.27 (6H. ». J = 7.4H2). 2.30 and 2.38 (total 3H. each s) 
SIMS : 470 (M ). 453 (M -17). 427 (M -43) 
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Claims 

1. A compound of the formula 



10 



R 2 ^ 

° v 



S 




in which R' is carboxy or protected carboxy. 
'5 R2 i S hydroxy(lower)alkyl or protected hydroxy(lower)alkyl. 

R3 is hydrogen or lower alkyl, 

R 4 is protected or unprotected ureido(lower)alkyi. 

R* is hydrogen, lower alkanimidoyl or imino-protective group, and 

A is lower alkylene, 
20 and pharmaceutical^ acceptable salts thereof. 

2. A compound of Claim 1 , wherein 
R 1 Is carboxy, 

R2 is hydroxy(Ci-C4)alkyl. 
R3 is hydrogen or Ci-C< alkyl, 
25 R 4 Is ureldo(Ci-C«)alkyL 

R 5 Is hydrogen or (Ci-C«)alkanimidoyl. and 
A Is Ci-C* alkylene. 

3, A compound of Claim 2, wherein 
R» Is C1-C4 alkyl. 

30 4. A compound of Claim 3, wherein 
R* Is 1-hydroxyethyl, 
R 3 Is methyl, 

R 4 is 2-ureidoethyl or l,1-dimethyl-2-ureido<5thyl. 
R 5 Is hydrogen or acetimidoyl, and 

A ls 5 m ® th ^ n ^ und Qf C|a . m 4 which is ( 4 Rt 5 Si6S K-[(lR)-1-hydroxyethyl].4.methy|.7K)xo-3*t<2S.4S)-2.{(2. 

ureidc*thvl>oxvmethyl>pyrTOl^ ac,d * 

WB T , rS oi Claim 4, which is (4R,5S.6S)-3-[(2S,4S>-2-{(1.l-dimethy..2-ureidoethyl>. 

oxymethyl}pyrrolidin.4.yt^ 

° art ? Ky a impound of Claim 4, which is (4R.5S.6S)^[(2S.4S)-l-acetimidoyl-2.{(2-ureidoethyl)- 
oxymethyl)pyrrolidin-4.yl]thio-6-[(l RH .hydroxyethylM-methyl-7-oxo-i .a2abicyclo[32.0]hept.2-ene-2- 

carboxy lie acid. 

8. A compound of Claim 2, wherein 
45 R* is hydrogen. 

9. A compound of Claim 8. wherein 
R2 is 1-hydroxyethyl, 

R 4 is 2-ureidoethyl or l,1-dimethyl-2-ureidoethyl. 
R* is hydrogen, and 

Ai %7 t T n c^mpound of Claim 9. wh.ch is (5R.6S).6.[(lRM-hydroxyethy.].7^xo.3-[(2S.4S).2-{(2. 
ureidoethyl>oxymethyl}pyrrolidin-4-yl^^ acid. 
1 1 . A process for the preparation of a compound of the formula: 
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10 

in which R 1 is carboxy or protected carboxy. 

R2 is hydroxy(lower)alkyl or protected hydroxy(lower)alkyl. 
R3 is hydrogen or lower alky I, 
R* is protected or unprotected ureido(lower)alkyl, 
;s R 5 is hydrogen, lower alkanimidoyl or iminoprotective group, and 

A is lower alkylene, 
and salts thereof, which comprises 

(a) reacting a compound of the formula: 



20 



25 



30 



wherein R\ R a and R' are each as defined above, or a reactive derivative at the oxo group thereof or salts 
thereof with a compound of the formula: 



ft- 



1; v ■ 



A-O-R 



35 



40 wherein 



R«. R5 and A are each as defined above, or salts thereof to give a compound of the formula: 



45 




50 



wherein R\R 2 . R 3 . R 4 , R 5 and A are each as defined above, 
or salts thereof; and 

(b) subjecting a compound of the formula : 



55 



I* 
1% 
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A-O-R 



10 wherein R 2 . R 3 , R 4 . R 5 and A are each as defined above, and 

R J is protected carboxy, t 
or salts thereof to elimination reaction of the carboxy-protective group on R a to give a compound Of the 

formula : 



75 



20 




COOH 



25 



wherein R 2 , R\ R 4 . R 5 and A are each as defined above, 
or salts thereof; and 

(c) subjecting a- compound of the formula : 



30 



35 



R 2 j AW 



wherein R\ R 2 , R 3 » R* and A are each as defined above, and 

R I Is Imino-protective group, or salts thoreof to elimination reaction of the imino-protective group of 
40 R * to give a compound of the formula : 



r 



A-O-R" 



45 



so wherein R 1 , R 2 . R 3 . R 4 and A are each as defined above, 
or salts thereof; and 

(d) subjecting a compound of the formula: 



55 
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A-O-R 



70 wherein R 1 R 3 R 4 R 5 and A are each as defined above, and 

R I is protected hydroxy<lower)alkyl, or salts thereof to elimination reaction of the hydroxy-protective 

group on R J to give a compound of the formula : 



?5 



20 




wherein R\ R\ R\ R 5 and A are each as defined above, and 
R J is hydroxy(lower)alkyl. or salts thereof; and 
25 (e) reacting a compound of the formula : 



30 



35 




wherein R\ R J . R 3 , R 4 and A are each as defined above, 

or salts thereof with lower alkantmidoylatlng agent to give a compound of the formula: 



40 



45 




wherein R\ R 2 . R 3 , R 4 and A are each as defined above, and 

R 5 is lower alkanimidoyl. or salts thereof. riaim 1 in 

50 ilV pharmaceutical composition comprising, as an active ingred.ent. a compound of Cl^m 1. .n 

admixture with a pharmaceutical^ acceptable carrier or exciptent 
13. A compound of Claim 1 for use as a medicament. 

14 A compound of Claim 1 for use in treatment of infectious diseases. 

it. A method for the treatment of infectious diseases which comprises administering a compound of 
ss Claim 1 to human being or animal. 

16. A compound of th formula: 
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A-O-R 4 



in which R\ R 5 and A are each as defined above, or salts thereof. 
17. A process for the preparation of a compound of the formula: 

10 

A-O-R 4 



T5 




in which R\ R 5 and A are each as defined above, or salts thereof, which comprises subjecting a compound 
of the formula: 

30 



4 

A-O-R 



* 5 

in which R 4 , R 5 and A are each as defined above, and * ^.^^ frtf _. ft 

w R 6 is mercapto-protective group, or salts thereof to elimination reaction of the mercapto-protective 

group of R*. 
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